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Inhibition of p38 Kinase Using Symmetrical and Unsymmetrical Diphenyl Ureas 

15 Field of the Invention 

This invention relates to the use of a group of aryl ureas in treating cytokine mediated 
diseases and proteolytic enzyme mediated diseases, and phamiaceutical compositions for 
use in such therapy. 

20 Background of the Invention 

Two classes of effector molecules which are oritical for the progression of rheumatoid 
arthritis are pro-inflammatory cytokines and tissue degrading proteases. . Recently, a 
family of kinases was described which is instrumental m cratrolling die transcription and 
translation of the structural genes coding for these effector molecules. 

25 

Hie mitogm-activated protein (MAP) kinase family is made up of a series of structurally 
related proiine-directed serine/direonine kinases which are activated either by growth 
factors (such as EGF) and phorbol esters (ERK), or by IL-1, TNFa or stress (p38, JNK). 
The MAP kinases are responsible for die activation of a wide variety of transcription 

30 &ctors and proteins involved in transcriptional control of cytokine production. A pair of 
novel protein kinases involved ufi the regulation of cytokine synthesis was recently 
described by a 0X>up &om SmithKUne Beecham (Lee et al. Nature 1994, 372, 739). 
These mzymes were isolated based on dieir aSBxdty to bond to a class of compounds, 
named CSAIDSs (cytokine si^pressive anti-inflammatory dmgs) by SKB. The CSAIDs» 

35 bicyclic pyridinyl imidazoles, have been shown to have cytokine inhibitory activity both 
in vitro and in vivo. The isolated enzymes, CSBP-1 and -2 (CSAID binding protein I and 



wo 99/32463 PCTAJS98/27265 

2 

2) have been cloned and expressed. A murine homologue for CSBP-2, p38, has also been 
reported (Han et al. Science 1994, 265, 808). 

Early studies suggested that CSAn)s function by interfering with m-RNA translational 
5 events during cytokine biosynthesis. Inhibition of p38 has been shown to inhibit both 
cytokine production (eg., TNFa, IL-1, IL-6, E.-8) and proteolytic enzyme production 
(eg., MMP-1, MMP-3) in vitro and/or in vivo. 



Clinical studies have linked TNFa production and/or signaling to a number of diseases 

10 including rheumatoid arthritis (Maini, 7. Royal Coll Physicians London 1996, 30, 344). 
In addition, excessive levels of TNFa have been implicated in a wide variety of 
inflammatory and/or immunomodulatcny diseases, including acute rheumatic fever 
(Yegin et al. Lancet 1997, 349^ 170), bone resorption (Pacifici et al. Clin. Endocrinol 
MetaboL 1991^ 82y 29), postmenopausal osteoperosis (Pacifici et al. J. Bone Mineral Res. 

15 1996, 11, 1043), sepsis (Blackwell elaLBr.J. Anaesth. 1996, 77, 110), gram negative 
sepsis (Debets et al. Prog. Clin. Biol. Res. 1989, 308, 463), septic shock (Tracey et al. 
Nature 1987, 330, 662; Girardm et al. New England J. Med. 1988, 319, 397), endotoxic 
shock (Beutler et al. Science 1985, 229, 869; Ashkenasi et al. Proc. Nat 7. Acad. Sd. USA 
1991, 88, 10535), toxic shock syndrome, (Saha et al. J. Immunol 1996, 157, 3869; Lina 

20 et al. FEMS Immunol Med. Microbiol 1996, 13, 81), systemic inflammatory response 
syndrome (Anon. Crit. Care Med. 1992, 20, 864), inflammatory bowel diseases 
(Stokkers et al. /• Inflamm. 1995-6, 47, 97) including Crohn's disease (van Deventer et 
al. Aliment. Pharmacol Thercg^eu. 1996, 10 (Suppl 2), 107; van Dullemen et al. 
Gastroenterology 1995, 109, 129) and ulcerative colitis (Masuda et al. J. Clin. Lab. 

25 Immunol 1995, 46, 111), Jarisch-Hezxheimer reactions (Fdcade et al. New England J. 
Med. 1996, 3J5, 311), asthma (Amiani et al. Rev. Malad. Respir. 1996, 13, 539), adult 
respiratory distress syndrome (Roten et al. Am. Rev. Respir. Dis. 1991, 143, 590; Suter et 
aL Am. Rev. Respir. Dis. 1992, 145, 1016), acute puhnonary fifarotic diseases (Pan et al. 
Pathol Int. 1996, 46, 91), pulmonary saxcoidosis (Ishioka et al. Sarcoidosis Vasculitis 

30 Diffuse Lung Dis. 1996, 13, 139), alleigic respiratoiy diseases (Casale et aL Am. J. 
Respir. Cell Mol Biol 1996, 15, 35), silicosis (Gossart et al. /. Immunol 1996, 156, 
1540; Vanhee et al. Eur. Respir. J. 1995, 8, 834), coal worker's pneumoconiosis (Borm 
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et al. Am. Rev. Respir. Dis, 1988, 138, 1589), alveolar injury (Horinouchi et al. Am. J. 
Respir CellMol Biol 1996, 14, 1044), hepatic failure (Gantner et al. J. Pharmacol Exp. 
Therap, 1997, 280, 53), liva* disease during acute inflammation (Kim et al, 7. Biol 
Chem. 1991, 272, 1402), severe alcoholic hepatitis (Bird et al. Ann. Intern. Med. 1990, 

5 112, 917), malaria (Grau et al. Immunol Rev. 1989, 112, 49; Taveme et al. Parasitol 
Today 1996, 12, 290) including Plasmodium &lciparum malaria (Perlmann et al. Infect 
ImmuniL 1997, 65, 116) and cerebral malaria (Rudin et al. Am. J, Pathol 1997, 150, 
257), non-insulin-dependent diabetes mellitus (NIDDM; Stephens et al. J. Biol Chem. 
1997, 272, 971; Ofei et al. Diabetes 1996, 45, 881), congestive heart failure (Doyama et 

10 al. Int J. Cardiol 1996, 54, 217; McMurray et al. Br. Heart 7. 1991, 66, 356), damage 
following heart disease (Malkiel et al. Mol Med. Today 1996, 2, 336), athm>sclerosis 
(Parums et al. J. Pathol 1996, i79, A46), Alzheimer's disease (Fagarasan et al. Brain 
Res. 1996, 725, 231; Aism et al. Gerontology 1997, 43, 143), acute encephalitis 
(Ichiyama et al. J. Neurol 1996, 2^5, 457), brain injury (Cannon et al. Crit Care Med. 

15 1992, 20, 1414; Hansbrough et al. Surg. Clin. N. Am, 1987, 67, 69; Marano et al. Surg. 
Gynecol Obstetn 1990, 170, 32), multiple sclerosis (M.S.; Coyie. Adv. Neuroimmunol 
1996, 6, 143; Matusevicius et al. J. Neuroimmunol 1996, 66, 115) including demyelation 
and oligiodendrocyte loss in multiple sclerosis (Brosnan et al. Brain Pathol 1996, 6, 
243), advanced cancer (NfiicWierzgon et al. J. Biol Regulators Homeostatic Agents 

20 1996, 10, 25), lymphoid malignancies (Levy et al. CrU. Rev. Immunol 1996, 16, 31), 
pancreatitis (Exley et al. Gut 1992, 33, 1126) including systemic complications in acute 
pancreatitis (McKay et al. Br. J. Surg. 1996, 83, 919), impaired wound healing in 
infection inflammation and cancer (Buck et al. Am. J. Pathol 1996, 149, 195), 
myelody^lastic syndromes (Raza et al. Int. J. Hematol 1996, 63, 265), systemic lupus 

25 eiythematosus (Mauiy A aL Arthritis Rheum. 1989, 32, 146), biliaiy cirrhosis (Miller et 
al. Am. J. Gasteroenterolog. 1992, 87, 465), bowel necrosis (Sun et al. J. Qin. Invest. 
1988, 81, 1328), psoriasis (Christophers. Austr. J. Dermatol 1996, 57, S4), radiation 
iigucy (Redlich et al. X Immunol 1996, 157, 1705), and toxicity following administration 
of monoclonal antibodies such as OKT3 (Brod et al. Neurology 1996, 46, 1633). TNFa 

30 levels have also been related to host-verstis^grafi reactions (Piguet et al. Immunol Ser. 
1992, 56, 409) including ischemia r^erfusion mjury (Colletti et al. J. Clin. Invest. 1999, 
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85y 1333) and allograft rejections including those of the kidney (Maury et al. X Exp. Med 
1987, 166, 1 132), liver (Imagawa et al. Transplantation 1990, 50, 219), heart (Boiling et 
aL Transplantation 1992, 55, 283), and skin (Stevens et al. Transplant. Proc. 1990, 22, 
1924), lung allograft rejection ((jrossman et al. Immunol Allergy Clin. N. Am. 1989, P, 
5 153) including chronic lung allograft rejection (oblit^ative bronchitis; LoCicero et al. J. 
Thorac. Cardiovasc. Surg. 1990, 99, 1059), as well as complications due to total hip 
replacement (Cirino et al. Life Scl 1996, 59, 86). TNFa has also been linked to 
infectious diseases (review: Beutler et al. Crit Care Med, 1993, 27, 5423; Degre. 
Biotherapy 1996, 5, 219) including tuberculosis (Rook et al. Med. Malad, Infect 1996, 

10 26^ 904), Helicobacter pylori infection during peptic ulcer disease (Beales et aL 
Gastroenterology 1997, 112, 136), Qiaga's disease resulting fix>m Trypanosoma cruzi 
infection (Chandrasekar et al. Biochem. Biophys. Res. Commun. 1996, 225, 365), effects 
of Shiga-like toxin resulting from E. coli infection (Harel et al. J. Clin. Invest, 1992, 56, 
40), the effects of enterotoxin A resulting fiom St^hylocoocus infection (Fischer et al. J. 

15 Immunol. 1990, 144^ 4663), meningococcal infection (Waage et al. Lancet 1987, 355; 
Ossege et al. J. Neurolog ScL 1996, 144, 1), and infections from Borrelia buigdorferi 
(Brandt et al. Infect. Immunol. 1990, 5^, 983), Treponema pallidmn (ChamberUn et al. 
Infect. Immunol 1989, 57, 2872), cytomegalovinis (CMV; (Jeist et al. Am. J. Respir. Cell 
Mol Biol 1997, 16, 31), influenza virus (Beutler et al. Clin. Res. 1986, 34, 491a), Sendai 

20 virus (Goldfield et al. Proc. Natl Acad Sci. USA 1989, 57, 1490), Theiler's 
encephalomyelitis virus (Sierm et al. Immunology 1993, 78, 399), and the human 
immunodeficiency virus (HIV; PoU. Proc. Natl Acad. ScL USA 1990, 87, 782; 
Vyakaram et al. AIDS 1990, 4, 21; Badley et al. J. Exp. Med 1997, 185, 55). 



25 Because inhibition of p38 leads to inhibition of TNFa production, p38 inhibitors will be 
useful in treabnent of flie above listed diseases. 

A numb^ of diseases are thou^t to be mediated by excess or undesired matrix- 
destroying metalloprotease (MMP) activity or by an imbalance in the ratio of flie MMPs 
30 to the tissue inhibitors of metalloproteinases (TIMPs). These mclude osteoarthritis 
(Woessner et al. X Biol Chem. 1984, 259, 3633), rheumatoid arthritis (MuUins et aL 
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Biochim. Biophys, Acta 1983, 695, 1 17; WooUey et al. Arthritis Rheum, 1977, 20, 1231; 
Gravallese et al. Arthritis Rheum. 1991, 34, 1076), septic arthritis (Williams et al. 
Arthritis Rheum. 1990, 33, 533), tumor metastasis (Reich et al. Cancer Res. 1988, 48, 
3307; Matrisian et al. Proc. Natl Acad. ScL, USA 1986, 83, 9413), periodontal diseases 
5 (Overall et al. J. Periodontal Res. 1987, 22, 81), corneal ulceration (Bums et al. Invest. 
OpthalmoL Vis. Sci. 1989, 30, 1569), proteinuria (Baricos et al. Biochem. J. 1988, 254, 
609), coronary thrombosis from atherosclerotic plaque mpture (Henney et al. Proc. Nat'l. 
Acad. Sci., USA 1991, 55, 8154), aneurysmal aortic disease (Vine et al. Clin. Sci. 1991, 
81, 233), birth control (Woessner et al. Steroids 1989, 54, 491), dystrophobic 
10 epidermolysis bullosa (Kronberger et al. /. Invest. Dermatol. 1982, 79, 208), 
degenmtive cartilage loss following traumatic joint injury, osteopenias mediated by 
MMP activity, tempero mandibular joint disease, and demyelating diseases of the 
nervous system (Chantry et al. J. Neurochem. 1988, 50, 688). 

15 Because inhibition of p38 leads to inhibition of MMP production, p38 inhibitors will be 
usefid in treatmmt of the above listed diseases. 

Inhibitors of p38 are active in animal models of TNFa production, including a muime 
Upopolysaccharide (LPS) model of TNFa production. Inhibitors of p38 are active in a 

20 number of standard animal models of inflammatory diseases, including cairageenan- 
induced edema in the rat paw, arachadonic acid-induced edema in the rat paw, 
aradiadonic acid-induced peritonitis in the mouse, fetal rat long bone resorption, murine 
type II coUagen^induced arthritis^ and Fruend*s adjuvant-induced arthritis in the rat 
Thus, inhibitors of p38 will be useful in treating diseases mediated by one or more of the 

25 above-mentioned cytokines and/or proteolytic eo^mes. 

The need for new therapies is especially important in the case of axtfiritic diseases. Tlie 
primary disabling effect of osteoarthritis, rheumatoid artfiritis and sqitic arthritis is the 
progressive loss of articular cartilage and thereby normal joint fimction. No marketed 
30 pharmaceutical agent is able to prevent or slow ttas cartilage loss, although nonsteroidal 
antiinflammatory dmgs (NSAIDs) have been givoi to control pain and swelling. The 
end result of these diseases is total loss of joint function which is ddy treatable by joint 
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replacement surgery. P38 inhibitors will halt or reverse the progression of cartilage loss 
and obviate or delay surgical intervention. 

Several patents have appeared claiming polyaiyhmidazoles and/or compounds containing 
5 polyarylimidazoles as inhibitors of p38 (for example, Lee et al WO 95/07922; Adams et 
al. WO 95/02591; Adams et al. WO 95/13067; Adams et al. WO 95/31451). It has been 
reported that arylimidazoles complex to the fenic form of cytochrome P450^ (Harris et 
aL MoL Eng. 1995, 5, 143, and references therein), causing concern that these 
compounds may display structure-related toxicity (Howard-Martin et al. Toxicol. Pathol. 
10 1987, /J, 369). Therefore, tfiere remains a need for improved p38 inhibitors. 

Summarv of the Invention 

This invention provides compoimds, generally described as aryl ureas, including both aryl 
15 and heteroaryl analogues, which inhibit p38 mediated events and ihas inhibit the 
production of cytokines (such as TNFa, IL-1 and IL-8) and proteolytic ensues (such as 
MMP-1 and MMP-3). The invention also provides a method of treatmg a cytokine 
mediated disease state in humans or mammals, wherein the cytokine is one whose 
production is affected by p38. Examples of such cytokines include, but are not limited to 
20 TNFa, IL-1 and IL-8. The invention also provides a method of treating a protease 
mediated disease state in humans or mammals, whmin the protease is one whose 
production is affected by p38. Examples of such proteases include, but are not limited to 
oollagenase (MMP-1) and stromelysin (MMP-3). 

25 Accordingly, fliese compoimds are useful therapeutic agents for such acute and chronic 
inflanimatory and/or immunomodulatory diseases as rheumatoid arthritis, osteoarthritis, 
sq)tic arthritis, rheumatic fever, bone resorption, postmenopausal osteopmsis, sepsis, 
gram negative sepsis, septic shock, endotoxic shock, toxic shock syndtrome, systmic 
inflammatory response syndrome, inflammatory bowel diseases including Crohn's 

30 disease and ulcerative ooUtis, Jarisch-'Herxheimer reactions, asthma, adult respiratory 
distress syndrome, acute puhnonary fibrotic diseases, pulmonary sarcoidosis, allergic 
respiratory diseases, silicosis, coal worker's pneumoccmiosis, alveolar injury, h^atic 
faihire, liver disease during acute inflammation, severe alcoholic hepatitis, malaria 
incbiding Plasmodium filciparum malaria and cerebral malaria, non*iiisulin-dqiendent 

35 diabetes mellitus (NIDDM), cmigestive heart Mure, damage following heart disease, 
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15 



20 



atherosclerosis, Alzheimer's disease^ acute encq>halitis, brain injuiy, multiple sclerosis 
includmg demyelation and oligiodendrocyte loss in multiple sclerosis, advanced cancer, 
lymphoid malignancies, tumor metastasis, pancreatitis, including syst^c complications 
in acute pancreatitis, impaired wound healing in infection, inflammation and cancer, 
periodontal diseases, corneal ulc^ion, proteinuria, myelodysplastic syndromes, 
systemic lupus erythematosus, biliary cirrhosis, bowel necrosis, psoriasis, radiation 
injury, toxicity following administration of monoclonal antibodies such as 0KT3, host- 
versus-graft reactions including ischemia reperfusion injury and allograft rejections 
including kidney, liver, heart, and skin allograft rejections, lung allograft rejection 
including chronic lung allograft rejection (obliterative bronchitis) as well as 
complications due to total hip replacement, and infectious diseases including 
tuberculosis, Helicobacter pylori infection during peptic ulcer disease, Chaga's disease 
resulting &om Trypanosoma cruzi infection, effects of Shiga-like toxin resulting &om E. 
coli infection, effects of enterotoxin A resulting firom Staphylococcus infection, 
meningococcal infection, and infections fiom Borrelia burgdorferi, Treponema pallidum, 
cytomegalovirus, influenza vmis, Thdler's mcephalomyelitis virus, and the human 
immunodeficiency virus (HIV). 

The present invention, therefore, provides compounds generally described as aryl ureas, 
including both aiyl and heteroaryl analogues, which inhibit the p38 pathway. The 
invCTtion also provides a method for treatment of p38-mediated disease states in humans 
or marmnals, e.g., disease states mediated by one or more cytokines or proteolytic 
enzymes produced and/or activated by a p38 mediated process. Thtis, the invention is 
directed to compounds and methods for the treatment of diseases mediated by p38 kinase 
comprising administering a confound of Formula I 



B-NH 




NH-A 



30 



wherein 
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A is 




B is a substitDted or unsubstitoted. up to tricyclic aiyl or heteroaryl moiety of up to 30 
carbon atoms wifli at least one 6-manber aromatic structure containing 0-4 members of 
die group consisting of nitrogen, oxygen and sulfur, wherein if B is substituted, it is 
substimted by one or more substituents selected from the group consisting of halogen, 
iqj to per-halo, and W„, wherein n is 0-3 and each W is independently selected from the 
group consisting of -CN, -CO^R', -C(0)NR'R', -C(0)-R'. -NOj, -OR', -SR\ -NR'R', 
-NR'C(0)OR\ -NR'C(0)R'. C,-C,o alkyl, Q.,o.alkenyl, C,.,o-alkoxy, Cj-Cjo cycloalkyl, 
Ctf-C„ aryl, (VCm alkaiyl, Cj-C,, heteroaryl, Q-Ca alkheteroaiyl, substituted C,-C,o 
alkyl, substituted C^io-alkenyl, substituted C,.,o-alkoxy, substituted Cj-Cjp cycloallgrl, 
substituted C4-C23 alkheteroaiyl and Q-Ar; 

wherein if W is a substituted group, it is substituted by one or more substituents 
independratly selected from the group consisting of -CN, -COjR', -C(0)R', 
-C(0)NR'R'. -OR'. -SR', -NR'R' , NOa, -NR'C(0)R', -NR'C(0)OR' and halogen up 
to per-halo; 

whereui each R' is mdependently selected fcom H, C,-C,o alkyl, Cj.,o-alkenyl, 
Ca-Cjo cycloalkyl, C^fCj* aiyl. €,-€„ heiaiyl, (VC^ alkaiyl, C4-CB alkheteroaryl, up 
to per-balosubstitDted C,-C,o alkyl, up to per-halosubstituted C2.io-aIkenyl, up to per- 
halosobstituted Cs^^ Qrdoallgrl, up to per<lialosubstituted C6-C14 aiyi and tq) to per- 
halosubstituted CyCn h^aiyl, 

wherein Q is - 0-, -S-, -N(R')-. -(CHj)-„, -C(0)-. -CH(OH)-, -(CH,)„0-, 
-NR'C(0)NR'R' .,-NR'C(OK -CiOm'-^-iCR^JS-, -(CH^„N(R')., -0(CH^„.. 
-CHX», -CX»j-, -S-(CH^„- and -N(R')(CH^-, 

m = 1-3, and ^ is halogen; and 
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Alia 5*10 member aromatic structure containing 0-2 members of the group consisting 
ofiDogen, oxygen and sulfur, which is unsubstituted or substituted by halogen up to 
peido and optionally substimted by Zn^, wherein „, is 0 to 3 and each Z is 
in^dentiy selected from the group consisting of of -CN, -COjR'', -C(0)NR^R^, 

5 -CihNR^ -C(0) R^.-NOJ, -0R\ -SR\ -m'R\ -NR'C(0)OR\ -NR'C(0)R\ C,.C,o 
alif Cj-Cjo cycloalkyi, Q-C,4 aryl, C3-C13 hetaryi, CrC24 alkaryl, 
alfcfceroaryl, substituted CrC,o alkyl, substituted Cj-Cio cycloalkyi, substituted C7-C24 
alkgl and substituted €4*023 alkheteroaryl; wherein the one or more substituents of Z 
is Acted fitwn the group consisting of -CN, -CO2R', -C(0)NR^R^ -OR^ -SR^ -NOj. 

10 -NIP . -NR'C(0)R^ , -NR'C(0)OR\ 

R^ Jf , R*' are each independently H, Ci.,o-alkyl, optionally substituted by 

halog^ up to perfaalo, C,.,o alkoxy, optionally substituted by halogen, vp to 
peilialoalkoxy, halogen; NO2 or NH2; 
15 R'* is H, Ci.jo-alkyl, C,.,o alkoxy, -NHCOR*; -NR^COR'; NOj; 



q)tionally substituted by Ci.|o-alkyl, C,.|q alkoxy, C3.,o cycloalkyi, C2.10 alkenyl. 



R' is C,.,o-alkyl optionally substituted by halogen, up to peihalo; 

X is -CH2-, -S-, -NCCHj)-, -NHC(0)-, -CHj-S-, -S-GHj-, -C(OK or -O; and 

X is additionally a single bond where Y is pyridyl; 

Y is phenyl, pyridyl, naphthyl, pyridone, pyrazine, benzodioxane, benzopyridine, 
25 pyaiSne or ben:«>tfiiazole, each optionally substituted by 




one of R*' , R^ or R^ can be -X-Y, 

or 2 adjacent R^'-R^' can together be aci aiyl or hetaiyl ring with 5-12 atoms^ 



20 



C,4o alkanoyl, C^.^ aryl, C5.12 hetaryi or C^i2 arallyl; 
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^^^yU C,.,„-alkoxy, halogen, OH - SCR or \rr^ 




or aphan«utically acceptable salt thereof, 
""'"'^^^^-^^^-^^^^^onnulala^offonnulala 




la 



wherein 




araikyl. c,„-alkaryl. halogen; -NR'; -NO,; .car,; 



10' 



10 
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''^ "-O « C,.,,*rt ^J^. ' ■'^ ■••"^^K-UH or C. 
<«eofR',R' orR'canbe-X-Y, 



» P'-".'. PVKdy.. .apM.,,. P,ri*«. ;^V^'"-^-' 



R 



15 




with the proviso that if and R* are hnti. u 

anaK "ebothH. oueofR^orR'isnota 

In fonnula I, suitable hetarylgrou»sBinri..H u 

oxyg«..mlrosenorsulfuraooB E«a.nn.H„- " """^ '^1>«<1 by 

5.tt.a«,W 3., 4. „ 5.i.,„^ 3 . 4- or 5-:„^„i ^. ^ „ 

5-. 6- or 7-tad lyt I-, 2- 4. „ K '• 2". 3-. 

'«---'v'--.5...";;:^:nrr: '; ^- - 

xazoiyi. 3-. 4-, 5- 6- or y-benasomolyl. 1- 3-, 
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4-, 5-, 6- or 7-benzothiazolyI, 2-, 4-, 5-, 6- or 7-benzisothia20lyl, 2-, 4-, 5-, 6- or T-benz- 
1,3-oxadiazolyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl, 1-, 3-, 4-, 5-, 6-, 7-, 8- isoquinolinyl, 
2", 3-, A- or 9-^arbazolyl, 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-acridinyl, or 2-, 4-, 5-, 6-, 7- 
or 8-quinazolinyl, or additionally optionally substituted phenyl, 2- or 3-thienyl, 1,3,4- 
5 thiadiazolyl* 3-pyrryl, S-pyrazoIyl. 2-thiazolyl or 5-thiazolyl, etc. For example, B can be 
4-methyl-phenyl, 5-methyI-2-thienyI, 4-methyI-2-thicnyl, l-methyl-B-pynyl, l-mrthyl-3- 
pyrazolyl, S-methyl-2-thiazolyl or 5-methyl-l,2,4-thiadia2ol-2-yl. 

Suitable alkyl groups and alkyl portions of groups, e.g., alkoxy, etc. throughout include 
10 mettiyl, ediyl, propyl, butyl, etc., including all straight-chain and bntnched isomers such 
as isopropyl, isobutyl, secA>\Ayl^ /erf-butyl, 

Suitable aryl groups include, for example, phenyl and 1- and 2-n^hdiyl. 

15 The tenn "cycloalkyl*', as used herein, refers to cyclic structures with or without alkyl 
substimtents such that, for example, ''Q cycloakyr' includes methyl substituted 
cycloptopyl groups as well as cyclobutyl groups. The term **cycloaIkyr' also includes 
saturated heterocyclic groups. 

20 Suitable halogen groups include F, CI, Br, and/or I, from one to per*substitution (i.e. all H 
atoms on a grotqi rq>laced by a halogen atom) bdng possible ^Ausxe an alkyl group is 
substituted by halogen, mixed substitution of halogen atom types also being possible on a 
givra moiety. 

25 Preferred compounds of formula I include those where is H, halogen or C,.,o-alkyl, 
optionally substituted by halogen, up to perhalo, NO^, -SOjF, - SOiCHFj; or ^OjCF,; 
is H, C,.,o-alkyI, C,.,o'alkoxy, halogen or NO^; R^ is H, C,,,o-alkyl optionally substituted 
by halogen, up to peifaalo; R^ is H, hydroxy, C|.,o-alkoxy, optionally substituted by at 
least one hydroxy grmq); -COOR^ -OR^CONHR^ -NHCOR^; -SR'; phenyl optionally 

30 substituted by halo or C,.,o*a]ko?Qr; MH,; -N(SO2R02» furyloxy. 

Preferably, R' is CI, F, C4.5-branched alkyl, -SOjF or -SO^CF,; and R^ is hydroxy; 
C,.,o-alkoxy q>tiQnaIly substituted by at least one hydroxy groiq>; -COOR^; - 
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OR'CONHR'; -NHCOR'; -SR'; phenyl optionally substituted by halo or C,.,o-alkoxy; 
NHj; -N(S02R')j, fiuyloxy. 



More preferably, R* is t-butyl or CFj and R* is -OCH3. Preferably, R"' is C,.,o-alkyl or 
5 halogen; R^'is H, C,.,o-aIkyl, halogen, CFj , halogen, NO^ or NH^; and R^'is H, C,.,o-alkyl, 
halogen, -NHCOCHj, -N(CH3)C0CH„ NOj, 




The invention also relates to conq)ounds per se, of formula n 




n 



1<> 

wherein 

R^ R" , R* and R* are each independently H, halogen, C,.,o- alkyl optionally substituted 
by halogen up to perhalo, C,.|o-alkoxy, optionally substituted by at least one hydroxy 
graap or halogen, up to perhalo; NO^ , SOjF or -SO^CHaXj^, C,.,o-alkoxy; -COOR'; 
15 -OR'CONHR*; -NHCOR'; -SR*; C^.^ aiyl, optionally substituted by C,.,o-alkyl, C,.,o 
aUcoxy or halogen, Cj.^ hetatyl, optionally substitued by €,.,0 aiXkyl, C,.,o alkoxy <»* 
halc^en ; NB^; -NCSO^R^; Sarylaxy; 




« 
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2 adjacent R^-R* can together form an aryl or hetaryl ring with 5-12 atoms, 
optionally substituted by C,.,o'alkyl, C,.,o-alkoxy, Cj^jo-cycloalkyi, Cz.io-alkenyl, C,.,o- 
alkanoyl, C^u-aryl , C5.,2-hetaryl, C^ij-aralkyl, C^i2-alkaiyl, halogen; -NR^ -NO2; -CF,; 
-COOR'; -NHCOR'; -CN; -CONR'R'; -SO^R"; -SOR^ -SR^ in which is H or C,.,o- 
5 alkyl and is C,.,o-alkyl; 

R^' , R"^' and R^' are each independentiy H, C,.,o-aIkyl, optionally substituted by 



1 5 with the provisos ttiat 

(a) if R^ and R^ are both H , one of R'^ or R^ is not H, and 

(b) that R^ is phenyl substituted by alkoxy or halogen, alkoxy substituted by 
hydroxy, -SO^CPA -OR'CONHR\ 



halogen, up to perhalo; NO2 orNHj; 
R"' is H, C,.,o-alkyl, halogen, -NHCOR'; -NR^COR'; NO^; 




10 



2 adjacent R*'-R*' can together be an aryl or hetaryl ring with 5-12 atoms; 
R' is C,.,o-alkyl, optionally substituted by halogen, up to peihalo; 
n is 0 or 1; 




20 



ftuyloxy or -UiSOjBi^; 
rR^'is 




0 
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^ (c) '^R' « phenyl substituted by alkoxv nr h»i 

.o..,.^«^ uj,:::;^z\T """""" " 

^■"^'-^tnimiiiiiiuuiai^. 

N<54«-B«.y|.2.„ea,oxyphe„yI).N' r4J^ * 



^K5.m«^y,.2.„^J^^^;^'-'-^^ 
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dichlorophenyl)urea; 
N-(5-Trifluoromethyl-2-methoxyphenyl)-N'-(4-(4-pyridinylmethyl)p^^^ 
N-(5-Trifluoromethyl-2-methoxyphenyI)-N'-(4-(4-pyridmylthio)pheny 
N-(5-Trifluoromethyl-2-methoxyphenyl)-N'-(4-(4-pyridinyloxy)^^ 
5 N-(5-Trifluoromethyl-2-methoxyphenyl)-N'-(3K4-pyridinylthio)phenyl)ure^^ and 

N-(5-Trifluoromethyl-2-methoxyphenyl)-NX4-(3-(N-methyla^ 

phenyloxy)phenyl)-urea. 



Preferred 5>sulfonvlphmvl ureas are : 
10 N-(5-nuoiosulfonyl)-2-methoxyphenyI)-N-(4-methyIphen 
N-(5-(IM£lun)meflianesulfonyl)-2-methox3^henyl)-N*^^ 
(Diflurameflianesulfonyl)-2-methoxyphenyl)-hr-(4-fluoiopheny0 
N-(5-(Diflun)melhanesulfonyl)-2-methoxyphenyl)-NX4-methy^^^^ 
fIuorophenyl)urea; 

1 5 N-(5-(Diflurometfianesulfonyl)-2-methoxyphenyl)-N'-(4-methy^ 
fluorophenyl)urea; 

N-(5-(Difluromethanesulfonyl)-2-methoxyphenyl)-N*-(4-methy^^ 
chlorophenyl)urea; 

N-(S'(Di£luromethanesulfonyl)-2-methoxyphenyl)-NX4-fl^ 
20 chlorppheayl)urea; 

N-<5-<Difliirometfiane8ulfonyI)-2-methoxyphe^^ 

methylpheDyl)ii]:ea; 
N-(5«-(Diflurometfaanesulfonyl)-2-methoxyphm 

and 

25 N<5-(TiiflttoiometfaanesuIfonyI)-2-methoxpheiiyl}*N^ 
Ppgferrpd ^-naphthvll weas arp: 

N-(3-Methoxy-2-n^hfliyl)-N*-(2-fluorophroyl)urea; 
N-(3-Methoxy-2-ii55)httiyl)-N'-(4-methylphenyl)urea; 
30 N-(3-MettiDxy-2-n^hftyl>-N-(3-fluorophenyl)urea; 

N*(3-Methoxy-2-naphtfayl)-NH4-metfayl-3-fiuorophenyI)mea; 
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N-(3-Methoxy«2-naphthyl)-N*-(2,3-^imethylphenyl)ur^ 
N-(3-Methoxy-2-naphthyl)-N'-(l -n^hthyl)urea; 
N-(3-Methoxy-2-naphthyl)-N*-(4-(4.pyridinylmethyl)phOT^ 
N-<3-Meflioxy-2-iiaphthyl)-N'-<4'<4-pyridmylthio)phenyl)i^ 
5 N'<3-Methoxy-2-naphthyl)-N'-<4-'(4-methoxyphenyloxy)phenyl)iirea; and 

N-<3-Methoxy-2.naphthyl)-N'K4-(4<4J-methano-lH-isom^^ 
dionyl)methyI)phenyl)urea 

Other preferred ureas are : 
10 N-'(2-Hydroxy-4-nitro-5-chlorophenyl)-N*-(phenyl)urea; and 

N-(2-Hydroxy-4.nitro-5-cWorophenyl)-NX4K4-pyridinylmethly)^^ 

The presmt invention is also directed to phaxmaceutically accq)table salts of forainla 1. 
Suitable phannaceutically accq>table salts are well known to fliose skilled in the art and 

IS include basic salts of inorganic and organic acids, such as hydrochloric acid, hydrobromic 
acid, sulphuric acid, phosphoric acid, m^hanesulphonic acid, sulphonic acid, acetic acid, 
trifluoioacetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, succinic 
acid, fiunaric acid, tnaleic acid, benzoic acid, salicylic acid, phenylacetic acid, and 
mandelic add. In addition, phannaceutically accq>table salts include acid salts of 

20 inorganic bases, such as salts containing alkaline cations (e.g„ Li^ Na^ or K^), alkaline 
earth cations (e,g., Mg*^ , Ca*^ or Ba*^), the anrnionium cation, as well as acid salts of 
organic bases, including aliphatic and aromatic substituted ammonium, and quaternary 
ammonium cations, such as tiiose arising from ptotonation or peralkylation of 
triethylamine, ^,N-diethylaminc, iV^W-dicyclohexylamine, pyridine, N,N- 

25 dimetfaylaminopyridine pMAP), l,4-diazabiclo[2.2.2]octane (DABCO), 1,5- 
diazabicyclo[4.3.0]non-5-ene(DBN) and l,S-diazabicyclo[5A0]undec-7-ene (DBU). 



30 



A number of the compounds of Formula I possess asymmetric carbons and can therefore 
exist in lacemic and optically active forms. Mettiods of separation of enantiomeric and 
diastereomeric mixtures are well known to one skilled in ttie art. The presmt invCTtim 
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encompasses any isolated racemic or optically active form of compounds described in 
Formula I which possess p38 kinase inhibitory activity. 

General Preparative Met)hods 
5 The compounds of Formula I may be prepared by use of known chemical reactions and 
procedures^ some fiiom starting materials which are commercially available. 
Nevertheless, the following general preparative methods are presented to aid one of skill 
in the art in synthesizing these compounds, with more detailed particular examples being 
presented in the experimental section describing the working examples. 



Scheme I Reduction of Nitroaryls to Aryl Amines 

Nitroaryls are commonly formed by electrophilic aromatic nitration using HNO,, or an 
alternative NOj^ source. Nitroaryls may be further elaborated prior to reduction. Thus, 
15 nitroaryls substituted with 



H2 / catalyst 




ArNOa 



^ ArNHa 



X M(0) 



(eg. Fe. Sn. Ca) 



HNO3 



^ ArN02 



Ar-H 



potential leaving groups (eg. F, CI, Br, etc.) may undergo substitution reactions on 
treatment with nucleophiles, such as thiolate (exemplified in Scheme tT) or phenoxide. 
Nitroaryls may also undergo UUman-type coupling reactions (Scheme II). 
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O2N 




ArSH 



1 



base 



O2N 




S-Ar 



O2N 




Br-Ar 



2 



CuO/base 



Scheme II Selected Nucleophilic Aromatic Substitution using Nitroaryls 

Nitroaryls may also undergo transition metal mediated cross coupling reactions. 
For example, nitroaryl electrophiles, such as nitroaiyl bromides, iodides or triflates, 
5 undergo palladium mediated cross coupling reactions with aryl nucleophiles, such as 
arylboronic acids (Suzuki reactions, exemplified below), aryltins (StiUe reactions) or 
aiylzmcs (Negishi reaction) to afford the biazyl (5). 



Either nitroaryls or anilines may be converted into the corresponding 
arenesulfonyl chloride (7) on treabnent with chlorosiilfonic acid. Reaction of the sulfonyl 
chloride with a fluoride source, such as KF tiien affords sulfonyl fluoride (8). Reaction of 
sulfonyl fluoride 8 with trimethylsilyl trifluoromethane in the presence of a fluoride 

1 5 source, such as tris(d]methylamino)sulfonium difluorotrimethylsiliconate (TASF) leads to 
tile conre^onding trifluoromethylsulfone (9). Alternatively, sulfonyl chloride 7 may be 
reduced to the aroietfaiol (10), for exanq)le with 2inc amalgum. Reaction of thiol 10 with 
CHCIF2 in the presence of base gives the diflueromeOiyl mercaptam (11), which may be 
oxidized to the sulfone (12) with any of a variety of oxidants, including CrOj-acetic 

20 anhydride (Sedova et al. Zh. Org. Khim. 1970, 6, S68). 




10 



4 



5 
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SO2C1 



asosH 

-R 




KF 



_2n(Hg) 



SO2F 




-R 



(Me2N)3S MesSiFj 
MesSiCFj 





10 



CHCJF2 

base 




11 



i 



101 



SQ2CHF2 



Scheme III Selected Metbods of Fiuorinated Aryl Sulfone Synthesis 



As shown in Scheme IV, non-grometrical urea foimation may involve reaction of 
an aiyl isocyanate (14) with an aiyl amine (13). The heteroaryl isocyanate may be 
synthesized from a heteroaryl amine by treatment with phosgene or a phosgene 
equivalent, such as trichloiomethyl chloiofomiate (diphosgene), bis(trichloiomethyl) 
caibcmate (tiiphosgene), or A^^AT'-caibonylcfiimidazole (GDI). The isocyanate xnay also be 
derived horn a ta^erocycUc carboxylic acid derivative, such as an ester, an acid halide or 
an anhydride by a Curtius-type leanangement. Thus, reaction of acid derivative 16 with 
an azide source, followed by reanangemeot affoids the isocyanate. The corresponding 
caiboxylic acid (17) may also be subjected to Curtitts-type rearrangements using 
dqibmy^hosphoiyl azide (DPPA) or a similar reagent 
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Ar'-NHj 13 
COCI2 



1 



Ar'-NCO ► ArV^,A^,-Ar 

N N 

14 H H 



DPPA 



o o 

16 17 

Scheme IV Selected Methods of Non-Symmetrical Urea Formation 

Finally, ureas may be fitrther manipulated using methods familiar to those skilled 
in the art. 

5 

The invention also includes phannaceutical conq)Ositions including a compound of 
Fomuila I, and a physiologically acceptable earner. 

The compounds may be administered orally> topically, parenterally, by inhalation or 
10 spray, vaginally, rectally or sublingually in dosage unit fomiulations. The term 
'administration by injection* includes intravenous, intramuscular, subcutaneous and 
parenteral injections, as well as use of infusion techniques. Dermal administration may 
include topical application or transdermal administration. One or more compounds may 
be present in association witfi one or more non-toxic pharmaceutically acceptable carriers 
15 and if desired other active ingredients. 



Compositions intended for oral use may be prepared according to any suitable method 
known to tiie art for the manu&cture of pharmaceutical compositions. Sudi conqiositions 
may contain one or more agents selected fiom the group oonasting of diluents. 
20 sweetening agents, flavoring agrats, coloring agents and preserving agents in order to 
provide palatable preparations. Tablets contain the active ingredient in admixture with 
non-toxic pharmaceutically accqytable exdpients which are suitable for the manu&cture 
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of tablets. These excipients may be» for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; 
granulating and disintegrating agents, for example, com starch, or alginic acid; and 
binding agents, for example magnesium stearate, stearic acid or talc. The tablets may be 
S uncoated or they may be coated by known techniques to delay disintegration and 
adsorption in the gastrointestinal tract and thereby provide a sustained action over a 
longer period. For example, a time delay material such as glyceryl monostearate or 
glyceryl distearate may be employed. These compounds may also be prepared in sohd, 
rapidly released form. 

10 

Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
calciiun phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oil medium, for example peanut oil, liquid paraffin or olive oil. 

15 

Aqueous suspensions containing the active materials in admixture with excipients 
suitable for the manufacture of aqueous suspensions may also be used. Such excipients 
are suspending agents, for example sodium carboxymethylceUulose» methylcellulose, 
hydroxypropyl-metfiylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacantili 

20 and gum acacia; di^ersing or wetting agents may be a naturally-occurring phosphatide, 
for example, lecithm, or condensation products of an alkylene oxide with &tty adds, for 
example polyoxyethylene stearate, or condensation products of ettiylene oxide witii long 
chain afiphatic alcohols, for example heptadecaediyleneoxycetanol, or condensation 
products of ethylene oxide with partial esters dorived fiom &tty acids and hexitol such as 

25 polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with 
partial esters derived fjx>m fatty acids and hexitol anhydrides, for sample polyethylene 
soibitan monooleate. The aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 

30 or saccharin. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by 
tiie addition of water provide the active ingredient in admixture with a dispersing or 
wetting agmt, susprading agent and one or more preservatives. Suitable dispersing or 
35 wetting agients and suspending agents are exemplified by those already mentioned above. 
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Additional excipients, for example, sweetening, flavoring and coloring agents, may also 
be present. 

The compoimds may also be in the form of non-aqueous liquid formulations, e.g., oily 
S suspensions which may be fomiulated by suspending the active ingrediesits in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or peanut oil, or in a mineral oil such as 
liquid parafEn. The oily suspensions may contain a thickening agent, for example 
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, 
and flavoring agents may be added to provide palatable oral preparations. These 
1 0 compositions may be preserved by the addition of ah anti-oxidant such as ascorbic acid. 

Compounds of flie invention may also be administrated transdermally using methods 
known to those skilled in the art (see, for example: Chien; ''Transdennal Controlled 
Systemic Medications'*; Marcel Dekker, Inc.; 1987. Lipp et al. WO94/04157 3Mai94). 

15 For example, a solution or suspension of a compound of Fonnula I in a suitable volatile 
solvent optionally containing penetration enhancing agents can be combined with 
additional additives known to those skilled in the art, such as matrix materials and 
bacteriocides. After sterilization, the resulting mixture can be formulated following 
known procedures into dosage forms. In addition, on treatment with emulsifying agents 

20 and wat^, a solution or suspension of a con^und of Formula I may be formulated into a 
lotion or salve. 

Suitable solvmts for processing transdermal delivery systems are known to those skilled 
in the ait, and include lower akx>hols such as ethanol or isopiopyl alcoholt lower ketones 

25 sudi as acetone, lower caiboxylic acid esters such as ethyl acetate, polar ethers such as 
tetrahydrofiiran, lower hydrocarbons such as hexane, cyclohexane or benzene, or 
halogenated hydrocarbons such as dichloiometfaane, chloroform, trichlorotrifluoroethane, 
or trichlorofluoroethane. Suitable solvents may also include mixtures of one or more 
materials selected from lower alcohols, lower ketones, lower carboxylic acid esters, polar 

30 ethers, lower hydrocarbons, halogenated hydrocarbons. 

Suitable penetration enhancing materials for transdranal delivery system are known to 
those skilled in the art, and include, for exan^le, monohydro^Qr or polyhydroxy alcohols 
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such as ethanol, propylene glycol or benzyl alcohol, saturated or unsaturated Q-Cje fatty 
alcohols such as lauryl alcohol or cetyl alcohol, saturated or unsaturated Cg--Ci8 fatty 
acids such as stearic acid, saturated or imsaturated fatty esters with up to 24 cari>ons such 
as methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl isobutyl tertbutyl or monoglycerin 
5 esters of acetic acid, capronic acid, lauric acid, myristinic acid, stearic acid, or palmitic 
acid, or diesters of saturated or unsaturated dicaiboxylic acids with a total of up to 24 
carbons such as diisopropyl adipate, diisobutyl adipate, diisopropyl sebacate, diisopropyl 
maleate, or diisopropyl fumarate. Additional penetration enhancing materials include 
phosphatidyl derivatives such as lecithin or cephalin, terpenes, amides, ketones, ureas and 

10 their derivatives, and ethm such as dimediyl isosoibid and diethyleneglycol monoethyl 
ether. Suitable penetration enhancing fonnulations may also include mixtures of one or 
more materials selected from monohydroxy or polyhydroxy alcohols, saturated or 
unsaturated Cg-Cjg fatty alcohols, saturated or unsaturated Cg-Cjs fatty acids, saturated or 
unsaturated &tty est^ with up to 24 carbons, diesters of saturated or unsatiurated 

IS discaiboxyhc acids with a total of up to 24 carbons, phosphatidyl derivatives, terpenes, 
amides, ketones, ureas and their derivatives, and ethers. 

Suitable binding materials for transdermal delivery systems are known to those skilled in 
the art and include polyacrylates, silicones, polyurethanes, block polymers, 
20 styrenebutadiene ccqiloymeis, and natural and synthetic rubbers. Cellulose efliers, 
derivatized polyethylmes^ and silicates may also be used as matrix components. 
Additional additives, such as viscous resins or oils may be added to increase the viscosity 
of the matrix. 

25 Pharmaceutical compositions of the invention may also be in the form of oil-in-water 
emulsions. The oil phase may be a vegetable oil, for example olive oil or arachis oil, or a 
mineral oil, for example liquid para£Bn or mixtures of fliese. Suitable emulsifying agents 
may be naturally-occuiring gums, for mample gum acacia or gum tragacanA, naturally- 
occuiriiig phosphatides, for exanqple soy bean, lecithm, and esters or partial esters derived 

30 from fittty adds and hexitol anhydrides, for example sorbitan monooleate, and 
condo^on products of (he said partial esters with ethylene oxide, for example 
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polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavoring agents. 

Syit^s and elixirs may be formulated with sweetening agents, for example glycerol, 
5 propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 
preservative and flavoring and coloring agents. 

The compounds may also be administered in the form of suppositories for rectal 
administration of the drag. These compositions can be prq)ared by mixing the drug with 
10 a suitable non-initating excipient which is solid at ordinary temperatures but liquid at the 
rectal or vaginal temperature and will therefore melt in the rectum or vagina to release the 
drug. Such materials include cocoa butt^ and polyethylene glycols. 

For all regimens of use disclosed herein for conq>oimds of Formula I, the daily oral 
15 dosage zegimeu will preferably be from 0.01 to 200 mg/Kg of total body weight The 
daily dosage for administration by injection, including intravenous, intramuscular, 
subcutaneous and parenteral injections, and use of infusion techniques will preferably be 
fix>m 0.01 to 200 mg/Kg of total body weight. The daily vaginal dosage regimen will 
preferably be from 0.01 to 200 mg/Kg of total body weight. The daily rectal dosage 
20 regunen will preferably be from 0,01 to 200 mg/Kg of total body weight. The transdermal 
concentration will preferably be that required to maintain a daily dose of from 0.01 to 200 
mg/Kg. The daily topical dosage regimen will preferably be from 0.1 to 200 mg 
administered between one to four times daily. The daily inhalation dosage regimen will 
preferably be from 0.01 to 10 mg/Kg of total body weight. 

25 

It will be appreciated by ttiose skilled in flie art that the particular method of 
administration will dqiend on a variety of &ctors, all of which are considered routinely 
when administering ther^eutics. It will also be understood, howevo", that the specific 
dose level for a given patient depends on a variety of factors, including specific activity 

30 of the compound administered, flie age of the patient, the body wei^t of the patient, the 
gCTeral health of fbe patirat, the gender of the patient, the diet of die patient, time of 
administration, ix>ute of administration, rate of excretion, drug combination, and the 
severity of the condition undergoing therapy, etc. It will be further appreciated by one 
skilled in die art fimt the optimal course of treatmrat, i.e., the mode of treatment and the 

35 daily number of doses of a compound of Formula I or a pharmaceutically accq»table salt 
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thereof given for a defined number of days, can be ascertained by those skilled in the art 
using conventional course of treatmment tests. 

The compounds of Figure I are producible from known compounds (or from starting 
5 materials which, in turn, ai« producible from known compounds), e.g., through the 
general prq>arative methods shown above. The activity of a given compound to inhibit 
raf kinase can be routinely assayed, e.g., according to procedures disclosed below. The 
following examples are for illustrative purposes only and are not intended, nor should 
they be construde to limit the invmtion in any way. 

10 

The entire disclosure of all ^plications, patents and publications cited above and below 
are hereby incoiporated by reference, including provisional 25)plication serial nimber 
attorney docket number Bayer 10-Vl, filed on December 22, 1997 as serial number 
08/995,749, and converted on December 22, 1998. 

15 

The following examples are ibr illustrative purpose only and are not intended, nor 
should they be construed to limit tiie invation in any way. 

EXAMPLES 

20 All reactions were perforaied in flame-dried or oven-dried glassware under a positive 
pressure of dry argon or dry nitrogen, and were stirred magnetically unless otherwise 
indicated. Sensitive liquids and solutions were transferred via syringe or cannula, and 
introduced into reaction vessels through robber sq>ta. Unless otherwise stated, the term 
'concentration under reduced pressure' refOT to use of a Buchi rotary evaporator at 

25 proximately 15 mmHg. 

All tenqieratures are reported uncorrected in degrees Celsius CQ. Unless otherwise 
indicated, all parts and p^ncentages are by weight 

30 Commercial grade reagents and solvents used wifliout further purification. Thin- 
layer chromatography (TLC) was performed using Whatman® pre-coated glass*backed 
silica gel 60A F-254 250 plates. Visualization of plates was effected by one or more 
of tiie following techniques: (a) ultraviolet illumination, (b) e3q)osure to iodine vsq)or, (c) 
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immersion of the plate in a 10% solution of phosphomolybdic acid in ethanol followed by 
heating, (d) immersion of the plate in a cerium sulfate solution followed by heating, 
and/or (e) immersion of the plate in an acidic ethanol solution of 2,4- 
dinitrophenylhydrazine followed by heating. Column chromatography (flash 
S chromatogn^hy) was performed using 230-400 mesh EM Science® silica gel. 

Melting points (mp) were determined using a Thomas-Hoover melting point i^paratus or 
a Mettler FP66 automated melting point appar^us and are uncorrected Fourier 
transform infiared sprectra were obtained using a Mattson 4020 Galaxy Smes 

10 spectiophotom^^. Proton ('H) nuclear magnetic resonance (NMR) spectra were 
measured with a General Electric GN-Qmega 300 (300 MHz) spectrometer with either 
Me4Si (d 0.00) or residual protonated solvent (CHCI3 5 7.26; MeOH 5 3.30; DMSO 6 
2.49) as standard. Carbon ('^C) NMR spectra were measured with a General Electric GN- 
Omega 300 (75 MHz) spectrometer with solvent (CDCI3 6 77.0; MeOD-dj; 8 49.0; 

IS DMSO-d« 5 39.5) as standard. Low resolution mass spectra (MS) and high resolution 
mass spectra (HRMS) were either obtained as electron impact (EI) mass spectra or as &st 
atom bombardment (FAB) mass spectra. Electron impact mass q^ectra (EI*MS) were 
obtained wiA a Hewlett Packard S989A mass spectrometer equipped with a Vacumetrics 
Desoiption Clhemical Ionization Probe for swaaple introduction. The ion source was 

20 maintained at 2S0 Electron impact ionization was performed with electron energy of 
70 eV and a traqi current of 300 |iA. Liquid-cesium secondary ion mass ^ectra (FAB* 
MSX ati updated version of &st atom bombardment were obtained using a Kjratos 
Conc^t 1-H spectrometer. Chemical ionization mass spectra (CI-MS) were obtamed 
using a Hewlett Packard MS-Engine (5989A) with methane or ammonia as die reagent 

25 gas (1x10*^ torr to 2.5x10^ torr). The direct insertion desorption chemical ionization 
^Q) probe (Vaccumetrics, Inc.) was ramped fiom 0*1.5 amps in 10 sec and hdd at 10 
amps until all traces of the sample dissq)peared ( '*^l-2 min). Spectra were scaimed- fixxm 
50-800 amu at 2 sec p^ scan. HPLC - electrospray mass spectra (HPLC ES-MS) were 
obtained using a Hewlett-Packard 1100 HPLC equipped with a quatCTUuy punQ>, a 

30 variable wavelength detector, a C-18 column, and a Finnigan LCQ ion trap mass 
spectrometer wifli electrospray ionization. Spectra were scanned fiom 120-800 amu 
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using a variable ion time according to the number of ions in the source. Gas 
chromatography - ion selective mass spectra (GC-MS) were obtained with a Hewlett 
Packard S890 gas chromatograph equipped with an HP-1 methyl silicone colimm (0.33 
mM coating; 25 m x 0.2 mm) and a Hewlett Packard 5971 Mass Selective Detector 
5 (ionization energy 70 eV). Elemental analyses are conducted by Robertson Microlit 
Labs, Madison NJ. 

All compounds displayed NMR ^ectra» LRMS and either elemental analysis or HRMS 
consistant with assigned structures. 

0 

List of Abbreviations and Acronyms: 



AcOH acetic acid 

anh anhydrous 

BOC rgrf-butoxycaibonyl 

15 cone concentrated 

dec decomposition 

DMPU 13-dimethyl-3,4»S,6-tetrahydro-2(lH)-pyrimidinone 

DMF 7\^,Mdimethyifonnamide 

DMSO dimediylsulfoxide 

20 DPPA dipheny^hosphoxyl azide 

EtOAc ethyl acetate 

EtOH ethanol(100%) 

Et^O diethyl ether 

EtjN triethylamine 

25 m-CPBA 3-chloroperoxybenzoic add 

MeOH methanol 

pet ettier petroleum ether (boiling range 30-60 *"€) 

THF tetrahydiofiuan 

TPA txifluoroac^c acid 

30 Tf trifluorometfaanesulfonyl 
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A. General Methods for Synthesis of Substituted Anilines 
Al. Synthesis f2,5-Di xopyrrolidinylanilines 




Step h 4^/^rr-ButyI-l-(29S-dioxo-l-pyrroliduiyl)*2-iiitrobenzene: To a solution of 4- 
5 /erf-butyl-2-nitroaniIine (1.04 g, 5.35 nimol) in xylene (25 mL) was added succinic 
anhydride (0.0535 g, 5.35 mmbl) and triefliylamme (0.75 mL, 5.35 mmol). The reaction 
mixture was heated at the reflux temp, for 24 h, cooled to room t^p. and diluted with 
EtjO (25 mL). The resulting mixture was sequentially washed with a 10% HCl solution 
(50 mL), a saturated NH4CI solution (50 mL) and a saturated NaCl solution (50 mL), 
10 dried (MgS04), and concentrated under reduced pressure. The residue was purified by 
flash cromatography (60% EtOAc/40% hexane) to yield the succinimide as a yellow solid 
(1.2 g, 86%): mp 135-138 ^C; *H NMR (CHCI3) 5 1.38 (s, 9H), 2.94-2.96 (m, 4H), 7.29- 
731 (m, IH), 7.74-7.78 (m, IH), 8.18-8.19 (m, IH), 




15 Step 2. 5-/err-Batyl-2-(2»5-dioxo-l-pyrrolldinyI)aniiine: To a solution of 4-/eft-butyI- 
l-(2,5-dioxo-l-pynx)lidiiiyl)-2-nitrobenzene (LI g, 4.2 mmol) in BtOAc (25 mL) was 
added a 10% Pd/C (0.1 g). The resulting slurry was placed under a H2 atmoqihere usmg 
3 cycles of an evacuate-quench protocol and was allowed to stu: under a atmosphere 
for 8 h. The reaction mixture was filtered through a pad of Celite^ and the residue was 

20 wadied with CHCI3. The combined filtrate was concentrated under reduced pressure to 
yield the desired aniline as an off-white solid (0.75 g, 78%): mp 208-211 ""C; 'H-NMR 
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(DMSO^de) 123 (s, 9H), 2.62-2.76 (m, 4H), 5.10 (br s, 2H), 6.52-6,56 (m, IH), 6.67- 
6.70 (m, 2H). 

A2. GenoiMethod for the Synthesis of Tetrahydrofuranyloxyanilioes 



5 Step 1.4-/e/tfiiyM--(3-tetrabydrofuranyloxy)-2-nitrobeiizene: To a solution of 4- 
/er/-butyI-2-*pheiiol (1.05 g, 5.4 mmol) in anh THF (25 mL) was added 3- 
hydroxytetra||Srofuran (0.47 g, 5.4 mmol) and triphenylphosphine (1.55 g, 5.9 mmol) 
followed by ttyl azodicarboxylate (0.93 ml, 5.9 mmol) and die mixture was allowed to 
stir at roomiap. for 4 h. The resulting mixture was diluted with £t20 (50 mL) and 

10 washed wifhoBbirated NH4CI solution (50 mL) and a saturated NaCl solution (50 mL), 
dried (MgSQ|md concentrated under reduced pressure. The residue was purified by 
flash ciomampby (30% EtOAc/70% hexane) to yield the desired dhsst as a yellow 
solid (1.3 gJK): "H-NMR (CHQ,) 5 IJO (s, 9H), 2.18-2^4 (m. 2H), 3.9M,09 (m, 
4H), 5.00-5 Jftn. IH), 6.93 (d. ,^-8.8 Hz. IH). 7.52 (dd, >2.6, 8.8 Hz, IH). 7.81 (d, 

15 J^2.6Bz,im 



Step 2.5-rerMilyl-2-(3»tetrahydrofuraByloxy)aniline: To a solution of 4-/&r/-butyl-l- 
(3-tetrahydnilBiyloxy)-2-nitroben2ene (L17 g, 4.4 nunol) in EtOAc (25 mL) was 
added 10% K (0.1). The resulting slurry was placed under a atmosphere using 3 
20 cycles of anwiale-quench protocol and was allowed to stir under a H^ atmoi^here for 
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8 h. The reaction mixture was filtered through a pad of Celite*^ and washed with CHCI3. 
The combined filtrate was concentrated under reduced pressure to yield of the desired 
aniline as a yellow solid (0.89 g, 86%): mp 79-82 ^C; 'H-NMR (CHCI3) 8 130 (s, 9H), 
2.16-2.20 (ra, 2H), 3.78 (br s, 2H), 3,85-4.10 (m, 4H),4.90 (m, IH), 6.65-6.82 (m, 3H). 

5 A3. General Method for the Synthesis of Trifluoromethanesulfonylanilines 



Step 1. 2*Methoxy-'5-(fluorosulfonyl)acetanilide: Acetic anhydride (0.90 mL, 9.6 
mmol) was added to a solution of 4-methoxymetanilyI fluoride (1.0 g, 4.8 nunol) in 
pyridine (15 mL). After being stined at room temp, for 4 h, the reaction mixture was 

10 concentrated under reduced pressure. The resulting residue was dissolved in CH^Cl, (25 
noL), washed witti a saturated NaHCX)^ solution (25 mL), dried (NajSOJ, and 
concentrated under reduced pressure to give a foam which was triturated with a 
EtjO/hexane solution to provide the title compound (0.85 g): *H-NMR (CDCI3) 8 2.13 
(s, 3H), 3.98 (s, 3H), 7.36 (d, J=8.5 Hz, IH). 7.82 (dd, >=2.6, 8.8 Hz, IH), 8.79 (d, J=2.2 

15 Hz, lH),9.62(brs, IH). 



Step 2.2-Methoxy-5-(trifluoromethanesuIfonyl)acetaniIide: To an ice^cooled 
suspension of tris(dimethylamino)sulfonium difluorotrimethylsiliconate (0.094 g, 0.34 
nmiol) in THF (4 mL) was added a solution of (trifluon}methyl)trimethylsilane (1.0 mL, 

20 6.88 mmol) in THF (3 mL) followed by a solution of 2-methoxy-5- 
(fluorosulfonyl)acetanilide (0.85 g, 3.44 mmol) in THF (3 mL). The reaction mixture 
was stirred for 2 h on an ice bafli, then was allowed to wann to room temp, and was then 
concentrated under reduced pressure* The resulting residue was dissolved in CHj^la (25 
mL), washed widi wat^ (25 mL), dried (NajSOJ, and concentrated wider reduced 

25 pressure. The resultixig xnatmal was purified by flash chroniatogrqifay (3% MeOI^ 




SO2F 



MeO 




SO2CF3 
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CHjCy to provide the title compound as a white soHd (0.62 g): 'H-NMR (CDCI3) 5 2.13 
(s, 3H) 4.00 (s, 3H), 7.42 (d, >8.8 Hz, IH), 7,81 (dd, J=2.6, 8.8 Hz, IH), 8.80 (d, J=2.2 
Hz, IH), 9.64 (br s, IH); FAB-MS mh 298 ((M-hl)*). 



S Step 3.2-Methoxy-S-<trifluoromethaaesaIfonyl)anOiiie: A solution of 2-methoxy-S- 
(trifiuoromethanesulfonyl)acetanilide (0.517 g, 1.74 nunol) in EtOH (5 mL) and a 1 N 
HCl solution (5 mL) was heated at the reflux tamp, for 4 h and the resulting mixture was 
concentrated und^ reduced pressure. The residue was dissolved in CH2CI2 (30 mL), 
washed with water (30 mL), dried (Na2S04), and concentrated under reduced pressure to 

10 afford the title compound as a gum (0.33 g): *H-NMR (CDCI3) 5 3.90 (s, 3H) 5.57 (br s, 
2H), 7.11-7.27 (m, 3H); FAB-MS nUz 256 ((M+l)^. This material was used in urea 
formation without forther purification. 

A4. General Method for Aryl Amine Formation via Phenol Nitration Followed by 



Step 1.2-Nitro-5-^*butylpbenol : A mixture of fuming nitric acid (3.24 g, 77.1 nunol) 
in glacial HOAc (10 mL) was added dropwise to a sobition of in-/^-butylphenoI (11.58 
g, 77J mmol) in gladalHOAc (15 mL) atO The mixture was allowed to stu: at 0 
for 15 min then wamied to room ten^. After 1 h the mixture was poured into ice water 
20 (100 mL) and extracted with BtjO (2 x 50 mL). The organic lay^ was washed with a 
saturated NaCl sohition (100 mL), dried (MgS04) and concentrated in vacuo. The 
residue was purified by flash chromatogr2g>hy (30% EtOAc/70% hexane) to give the 
desired phenol (4.60 g, 31%): "H-NMR (DMSO-d,) 5 1.23 (s, 9H). 7,00 (dd, >^1.84, 8,83 
Hz, IH), 7.07 (d, >1.84 Hz, IH), 7.82 (d,>«.83 Hz, IH), 10.74 (s, IH). 




SO2CF3 



MeO 



Ether Formation and Reduction 
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OMe 



Step 2. 2*Njtro-5^£7t-baty]anisole: A sluny of 2-nitro-5-/erf-butylphettoI (3.68 g, 
18.9 mmol) and K2CO3 (3.26 g, 23.6 mmol) in anh DMF (100 mL) was sdired at room 
temp witfi stirring for IS min then treated with iodomethane (2.80 g> 19.8 mmol) via 

S syringe. The reaction was allowed to stir at room temp for 18 h., then was treated witti 
water (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic layers 
were washed with a saturated NaCl solution (SO mL), dried (MgS04) and concentrated in 
vacuo to give the desired ether (3.95 g, 100%): 'H-NMR (DMSO-d^) 8 1.29 (s, 9H), 3.92 
(s,3H), 7.10(dd,y=1.84, 8.46 Hz, IH), 7.22 (d,>L84PIz, IH), 7.79 (d, >8.46 Hz, IH). 

1 0 This material was used in the next step without further purification. 




OMe 



Step 3. 4-/er/-ButyI-2-methoxyaniluie: A solution of 2-nitro-5*/er/-butylanisole (3.95 
g, 18.9 mmol) in MeOH (65 mL) and added to a flask containing 10% Pd/C in MeOH 
(0.400 g), then placed under a Hj atmosphere (balloon). The reaction was allowed to stir 
IS for 18 h at room temp, then filtered through a pad of Celite^ and concentrated in vacuo to 
afford ttie desired product as a dark sitcky solid (3.40 g, 99%): ^H-NMR (DMSO^ S 
1.20 (s, 9H), 3.72 (s, 3H), 4.43 (br s, 2H), 6.51 (d, J^8.09 Hz, IH), 6.64 (dd, •A=2.21, 8.09 
Hz, IH), 6.76 (d, y=2:21 Hz, IH). 

20 AS. General Method for Aryl Amine Formation via Carbox^^ic Acid 
Esterification Followed by Rednctf on 




CO2H 
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Step 1, Methyl 2-Nitro-4-(trifluoromethyl)ben2oate: To a solution of 2-nitro-4- 
(trifluoromethyl)ben2oic acid (4.0 g, 17.0 mmol) in MeOH (150 mL) at room temp was 
added cone H2SO4 (2.5 mL). Hie mixture was heated at the reflux temp for 24 h., cooled 
to room temp and concentrated in vacuo. The residue was diluted with water (100 raL) 
5 and extracted with EtOAc (2 x 100 mL). The combined organic layers were washed with 
a saturated HaCI solution, dried (MgS04), concentrated in vacuo. The residue was 
purified by flash chromatography (14% EtOAc/86% hexane) to give the desired ester as a 
pale yellow oil (4,17 g, 98%): »H-NMR (DMSO-d^) 8 3.87 (s, 3H), 8.09 (d. J=7,72 Hz, 
IH), 8:25 (dd, J^l.ll, 8.09 Hz, IH), 8.48 (d,/=l.ll Hz, IH). 




Step Z.Methyl 2-Amuio-4-(trifluoromediy0beiizoate: A solution of methyl 2-nitn>-4- 
(trifluoromethyl)benzoate (3.90 g, 15 J mmol) in EtOAc (100 mL) and added to a flask 
containing 10% Pd/C (0.400 mg) in EtOAc (10 mL), dien placed under a Hj atmosphm 
(balloon). The reaction was allowed to stir for 18 h at room temp, then was filtered 
15 Arottgh Celite® and concentrated in vacuo to afford (he desired product as a white 
crystalUne soUd (3.20 g, 93%): ^H-NMR (DMSO-d^) 6 3.79 (s, 3H), 6.75 (dd, ^1.84, 
8.46 Hz, IH), 6-96 (br s, 2H), 7,1 1 (d, 7=0.73 Hz, IH), 7.83 (d, •^-8.09 Hz, IH). 



A6. General Method for Aryl Amine FormatioD via Ether Formation Followed 
20 Ester Saponification, Curtias Rearrangement, and Carbamate Deprotection 




Step !• Metiiyl 3-Methoxy«2-naphflioate: A shmy of mediyl 3-iQrdn»cy-2-naphthoate 
(10.1 g, 50.1 mmol) and KjCO^ (7.96 g, 57.6 mmol) in DMF (200 mL) was sthred at 
room ten^ for IS min, then treated wifli iodomediane (3.43 mL, S5.1 nunol). The mixtuxe 
25 was allowed to stir at room ten^ overnight, then was treated witih water (200 mL). The 
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resulting mixtime was extracted with EtOAc (2 x 200 mL). The combined organic layers 
were washed with a saturated NaCl solution (100 mL)» dried (MgS04X concentrated in 
vacuo (approximately 0.4 mmHg overnight) to give the desired ether as an amber oil 
(10.30 g): 'H-NMR (DMSO^) 6 2.70 (s, 3H), 2.85 (s, 3H), 7.38 (app t, ^8.09 Hz, IH), 
5 7.44 (s, IH), 7.53 (app t, 7=8.09 Hz, IH), 7.84 (d, /=8.09 Hz, IH), 7.90 (s, IH), 8.21 (s, 
IH). 




Step 2. 3*Metfaoxy-2-naphthoic Acid: A solution of methyl 3-methoxy*2-naphthoate 
(6.28 g, 29.10 mmol) and water (10 mL) in MeOH (100 mL) at room temp was treated 

10 with a 1 N NaOH solution (33.4 mL, 33.4 mmol). The mixture was heated at the reflux 
temp for 3 h, cooling to room temp, and made acidic with a 10% citric acid solution. The 
resulting solution was extracted with EtOAc (2 x 100 mL). The combined organic layers 
were washed witti a saturated NaCl solution, dried (MgS04) and concentrated in vacuo. 
The residue was triturated with hexanes and washed several times with hexanes to give 

15 the desired carboxylic acid as a white crystalline solid (5.40 g, 92%): 'H-NMR (DMSO- 
de) 5 3.88 (s, 3H), 7.34-7.41 (m, 2H), 7.49-7.54 (m, IH). 7.83 (d, ^^8.09 Hz, IH), 7.91 (d, 
J=8.09 Hz, IH), 8.19 (s, IH), 12.83 (br s. IH). 




Step 3. 2<<AKCarbobeiizyIo37)aiiiina-3-methoxynapbtfad A solution of 3* 
20 metfaoxy-2-naphtfaoic acid (3.36 g, 16.6 mmol) and EtjN (2.59 mL, 18.6 mmol) in anh 
toluene (70 mL) was stirred at room temp* for IS min., Iben treated wifli a solution of 
diphenylphosphoxyl aztde (5.12 g, 18.6 mmol) in toluene (10 mL) via pipette. The 
resulting mixture was heated at 80 for 2 h. After cooling the mixture to room temp. 
benzyl alcohol (2.06 mL, 20 mmol) was added via syringe. The mixture was flien warmed 
25 to 80 overnight. The resultiiig mixture was cooled to room texop.^ quenched with a 
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10% citric acid solution, and extracted with EtOAc (2 x 100 mL). The combined organic 
layers were washed with a saturated NaCl solution, dried (MgSOJ^ and concentrated in 
vacuo. The residue was purified by flash chromatography (14% EtOAc/86% hexane) to 
give the benzyl carbamate as a pale yellow oil (5.1 g, 100%): 'H-NMR (DMSO-dft) 5 3.89 
5 (s, 3H), 5.17 (s, 2H), 7.27-7.44 (m, 8H), 7.72-7.75 (m, 2H), 8.20 (s, IH), 8.76 (s, IH). 



Step 4.2-Amiiio-3-methoxynaphtbalene: A slurry of 2"(M(carbobenzyloxy)amino-3- 
methoxynaphthalene (5.0 g, 16.3 mmol) and 10% Pd/C (0.5 g) in EtOAc (7QmL) was 
maintained under a atmospheric (balloon) at room temp, overnight. The resulting 
10 mixture was filtered through Celite^ and concentrated in vacuo to give the desired amine 
as a pale pink powder (2.40 g, 85%): *H-NMR (DMSO-d^ 6 3.86 (s, 3H). 6.86 (s, 2H), 
7.04-7.16 (m, 2H), 7.43 (d, J^.O Hz, IH), 7.56 (d, J^S.O Hz, IH); EI-MS wfe 173 (M*). 

AT. General Method for the Synthesis of Aryl Amines via Metal-Mediated Cross 
15 Coupling Followed by Reduction 



Step l«5-rer^Butyl~2KtrifluoromefhanesulfonyI)oxy«lHiitrabenz€ne: To an ice cold 
solution of 4-ie7t-butyK2*nitrophenol (6.14 g, 31.5 mmol) and pyridine (10 mL, 125 
mmol) in CH2Q2 (50 noL) was slowly added trifluoromettianesulfianic anhydride (10 g, 
20 35.5 mmol) via syringe. The reaction mixture was stuied for IS min, fhm allowed to 
warm up to room temp, and diluted wifli CHiClj (100 mL). The resulting mixture was 
sequentially washed with a IM NaOH solution (3 x 100 mL), and a IM HCI solution (3 
X 100 mL), dried (MgS04), and concaitrated under reduced pressure to a£ford the title 
compound (8.68 g, 84%): 'H-NMR (CDCI3) 5 L39 (s, 9H), 7.30-8.20 (m, 3H). 




OMe 




OTf 
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Step2.S-^£ft-Biityl-2-(3-fluorophenyl)-l-nitrobeiizene: A mixture of 3- 
fluorobenzraeboronic acid (3.80 g» 27.5 minol), KBr (2.43 g, 20.4 mmol), K3p04 (6.1 g, 
28.8 mmol), and Pd(PPh3)4 (1.0 g, 0.9 mmol) was added to a solution of 5-/cr/-butyl-2- 
S (trifluoromeflianesulfonyI)oxy-l«*mtn)banzene (6.0 g, 18.4 mmol) in dioxane (100 mL). 
The reaction mixture was heated at 80 for 24 h, at which time TLC indicated complete 
reaction. The reaction mixture was treated with a saturated NH4CI solution (SO mL) and 
extracted EtOAc (3 x 100 mL). The combined organic layers were dried (MgS04) and 
concentrated under reduced pressure. The residue was purified by flash chromatography 
10 (3% EtOAc/97% hexane) to give the title compound (4.07 g, 81%): 'H-Nm (CDCI3) 5 
1.40 (s. 9H). 6.90-7,90 (m, 7H). 




St€p3.5-l^-Butyl-2^3-fluorophenyl)aiiiline: To a solution of 5-/m-butyl-2-(3- 
fluorophenyI)-l-mtn)benzme (3.5 g» 12.8 mmol) and EtOH (24 mL) in EtOAc (96 mL) 
1 5 was added 5% Pd/C (0.350 g) and the resulting slurry was stirred under a Hj atmosphere 
for 24 h» at i^ch tune TLC indicated complete consumption of starting material. The 
reaction mixture was filtmd through a pad of Celite^ to give tfie desired product (22 & 
72%): *H-NMR {CDCl^ 8 1.35 (s, 9H). 3.80 (br s. 2H). 6.90-7.50 (m, 7H). 

20 A8« GeneralMethod for the Synthesis of Nitroanilines 
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Step L4-(4-(2*Propoxycarbonylamino)pheDyl)inethylaDilme: A solution of di-tert- 
butyl dicarbonate (2.0 g, 9.2 mmol) and 4,4'-mefhylenediaiuline (1.8g, 9.2 mmol) in 
DMF (100 mL) was heated at the reflux temp, for 2 h, then cooled to room temp. This 
5 mixture was diluted with £tOAc (200 mL) sequentially washed with a saturated NH4CI 
(200 mL) and a saturated NaCl solution (100 mL), and dried (MgSOJ. The residue was 
purified by flash chromatography (30% EtOAc/70% hexane) to give die desired 
carbamate (1.3 g, 48%): 'H-NMR (CDCI3) 5 1.51 (s. 9H). 3.82 (s, 2H), 6.60-7.20 (m, 
8H). 



Step 2.4-(4-(2*Propoxycarbonylamino)phenyl)metbyl-l-nitrobenzene: To an ice cold 
solution of 4-(4-(2-propQxycaibonylaniino)phenyI)methylaniline (LOS g» 3.S mmol) in 
CH2CI2 (15 mL) was added m-CPBA (1 .2 g, 7.0 mmol). The reaction mixture was slowly 
allowed to warm to room temp, and was stirred for 45 min, at which time TLC indicated 
15 disappearance of starting material. The resulting mixture was diluted with EtOAc (50 
mL), sequentially washed with a IM NaOH solution (50 mL) and a saturated NaCl 
solution (50 mL), and dried (tAgSO^). The residue was purified by flash chromatography 
(20% EtOAc/80% hexane) to give the desired nitrobenzene (0.920 g): FAB-MS m/z 328 



pn>poxycaibonyIamino)phmyl)methyl-l-nitrobenzene (0.920 g, 2.8 mmol) in dioxane 
(10 mL) was added a cone. HO solution (4.0 mL) and the resultmg mixture was heated 
at 80 for 1 h at which time TLC indicated disappearance of starting matoiaL The 
25 reaction mixture was cooled to room temp. The resulting nEiixture was diluted with 
EtOAc (50 mL), flien washed with a IM NaOH solution (3 x 50 mL), and dried (MgSO^) 
to give the desired anilme (0.570 mg, 89%): 'H-NMR (CDCI3) 6 3.70 (hr s, 2H), 3.97 (s, 




(MO. 




Step 3.4-(4*NitrophenyI)mediylaDiline: 



To a solution of 4-<4-(2- 



wo 99/32463 



PCT/US98/27265 



39 

2H), 6.65 (d, y=8.5 Hz, 2H), 6.95 (d, >=8.5 Hz, 2H), 7.32 (d, J=8.8 Hz. 2H), 8.10 (d, 
y=8.8H2,2H). 

A9. General Method for Synthesis of Aryl Anilines via Allcylation of a 



Step 1.4-(a>Bronioacetyl)niorpholine: To an ice cold solution of morpholine (2.17 g, 
24.9 mmol) and diisopropylethylamine (3.21 g, 24.9 mmol) in CH^Clj (70 mL) was 
added a solution of bromoacetyl bromide (5.05 g, 25 nunole) in CH2CI2 (8 mL) via 
10 syringe. The resulting solution was kept at 0 ®C for 45 min, then was allowed to warm to 
room temp. The reaction mixture was diluted with EtOAc (500 mL), sequentially washed 
with a IM HCl solution (250 mL) and a saturated NaCI solution (250 mL), and dried 
(MgSOJ to give the desued product (3.2 g, 62%): 'H-NMR (DMSO-d^) S 3.40-3.50 (m, 
4H), 3.50-3.60 (m, 4H), 4.1 1 (s, 2H). 



Step 2.2-(7V«*Morpholinylcarbonyl)methoxy-5-/e/r-butyM-*nitrobenzene: A slurry of 
4-/£rt-butyI-2*nitrophenoI (3.9 g» 20 nunol) and K2CO3 (3*31 g» 24 mmol) in DMF (75 
mL) was stiired at room temp, for IS minutes, then a solution of 4-(a- 
biomoace^l)morpholine (4.16 g, 20 mmol) in DMF (10 mL) was added. The reaction 
20 was allowed to stir at room temp, overnight, tiien was diluted with EtOAc (500 mL) and 
sequential^ washed wiA a saturated NaCl solution (4 x 200 mL) and a IM NaOH 
solution (400 mL). The residue was purified by flash duomatognq^hy (75% EtOAc/25% 
hexane) to give the nitrobenzene (2.13 g, 33%): *H-NMR (DMSO-dJ 5 1.25 (s, 9H), 
3.35-3.45 (m, 4H), 3.50-3.58 (m, 4H), 5.00 (s, 2H), 7.12 (d, ^8.8 Hz, IH), 7.50-7.80 (m. 



Nitrophenol Followed by Reduction 



15 




25 2H). 
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Stcp3.2-(A^-MoiphoIinylcarbonyl)methoxy-5-re#f-butyIanilfaie: To a solution of 2-(A^- 
morpholinylcarbonyl)methoxy-5-rer/-butyI-l-nitrobenzene(2,13 g, 6.6 ramol) and EtOH 
(10 mL) in EtOAc (40 mL) was added 5% Pd/G (0.215 g). The resulting siuny was 
5 stirred under a H2 atmosphere for 6 h, at which time TLC indicated complete 
consumption of starting material. The reaction mixture was filto^ed througli a pad of 
Celite* to give the desired product (1.9 g, 98%): 'H-NMR pMSO-d^) 8 1.18 (s, 9H), 
3.40-3.50 (m, 4H), 3.50-3.60 (m, 4H), 4.67 (br s, 2H). 4.69 (s, 2H), 6.40-6.70 (m, 3H). 

10 AID* General Method for Aryl Amine Formation via Nitrophenol Alkylation 
Followed by Reduction 




Step I.5-^-Butyl-2-(2-hydroxyethoxy)-l-Bitrobenzene: A solution of 4-<erf-butyl-2- 
nitrophenol (30 g, 0.15 mol) and tetra-n-butylammonium fluoride (0.771 g, 3.0 nimol) in 

15 ethylene carbonate (10.24 mL. 0.15 mol) was heated at 150 for 18 h, thai cooled to 
room temp, and separated betweea water (50 mL) and CHjClj (50 mL). The organic 
lay^ was dried QA^Ot) and concentrated under reduced pressure. The residue was 
purified by column chromatography (20% EtOAc/80% hexane) to afford Hbc desired 
product as a brown oil (35.1 g, 90%): 'H-NMR (DMSO-<le) 5 1^5 (s, 9H), 3.66-3.69 (m, 

20 2H). 4.10-4.14 (t. J^S.© Hz, 2H), 4.85 (t, J^.O Hz, IH), 7^7 (d, ^8.8 Hz, IH), 7.60- 
7.64 (m, IH). 7.75 (d, >2.6 Hz, IH). 
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Step 2.5-i'err-Butyl-2-(2-/er/-butoxycarbonyIoxy)ethoxy)-l-nitrobenzene: A solution 
of 5-/crt-butyl-2-(2-hydroxyethoxy)-l -nitrobenzene (0.401 g, 1.68 mmol), di-/er/-butyl 
dicarbonate (0.46 mL, 2.0 mmol) and dimethylaminopyridine (0.006 g> 0.05 mmol) in 
5 CH2CI2 (IS mL) was stirred at room temp, for 30 min, at which time TLC indicated 
consumption of starting material. The resulting mixture was washed widi water (20 mL), 
dried. (MgSOJ and concmtrated vaxder reduced pressure. The residue was purified by 
column chromatogr^hy (3% MeOH/97% CHjCy to give tiie desired product as a yellow 
oil (0.291 g, 51%): 'H-NMR (DMSO-d«) S 1.25 (s, 9H), 1.38 (s, 9H), 4.31 (br s, 4H), 7.27 
10 (d, J=92 Hz, IH) 7.64 (dd. ^2.6, 8.8 Hz. IH) 7.77 (d, J=2.6 Hz, IH). 




Step 3.5-/eif-*Butyl-2<2«^rr-butoxycarbonyloxy)ethoxy)aiiiluie: To a mbcture of 5- 
ferf-butyl-2-(2-/e7t-butoxycatbonyloxy)etfaoxy)-l-'nitrobenzene (0.290 g, 0.86 nomol) and 
5% Pd/C (0.058 g) in MeOH (2 mL) was ammonium formate (0.216 g, 3.42 nunol), and 

15 the resulting mixture was stirred at room t^p. for 12 h, then was filtered through a pad 
of Celitc® with the aid of EtOH. The filtrate was concentrated under reduced pressure 
and the residue was purified by column chromatography (2% MeOH/98% CH2CI2) tp 
give the desired product as a pale yellow oil (0.232 g, 87%): TLC (20% EtOAc/80% 
hcxane) R^O.63; 'H-NMR (DMSOd^) 8 1.17 (s, 9H). 1.39 (s, 9H), 4.03-4.06 (m. 2H), 

20 430^.31 (m» 2H), 4.54 (br s. 2H). 6.47 (dd, J^22, 8.1 Hz, IH) 6.64-6.67 (m, 2H). 



All, General Method for Substituted Aniline Formation via Hydrog«ation of a 
Nitroarene 
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H2N 




N 



4-(4-Pyridinylmethyl)aiiiIiiie: To a solution of 4-(4-nitrobenzyl)pyridme (7.0 g, 32.68 
nunol) in EtOH (200 mL) was added 10% Pd^C (0.7 g) and the resulting slurry was 
shaken under a atmosphere (50 psi) using a Parr shaker. After 1 h, TLC and *H-NMR 
5 of an aliquot indicated complete reaction. The mixture was filtered through a short pad of 
Celite®. The filtrate was concentrated in vacuo to afford a white solid (5.4 g, 90%): *H- 
NMR (DMSO-d^) 5 3.74 (s, 2H), 4.91 (br s, 2H), 6.48 (d, >=8.46 Hz, 2H), 6.86 (d, /=8.09 
Hz, 2H), 7.16 (d. J=5.88 Hz, 2H), 8.40 (d, ^5.88 Hz, 2H); EI-MS m/z 184 (NT). This 
material was used in urea formation reactions without further purification. 

10 

A12. General Method for Substituted Aniline Formation via Dissolving Metal 
Redaction of a Nitroarene 



4-(2-Pyridinyltliio)anUine: To a solution of 4-(2*pyridinylthio>-lTnitrobe]izene (Mraai 
15 ST 3355A; 0.220 g, 0.95 nunol) and H2O (0,5 mL) in AcOH ( 5 mL) was added iron 
powder (0.3 17 g, 5.68 mmol) and the resulting sluny stirred for 16 h at room temp. The 
reaction mixtme was diluted with EtOAc (75 mL) and H2O (50 mL), basified to pH 10 
by adding solid KjCO^ in portions (Caution: foaming). The otganic layer was washed 
with a saturated NaCl solution, dried (MgSO^), concentrated in vacuo. The residual solid 
20 was purified by MPLC (30% EtOAc/70% hexane) to give the desired product as a diick 
oil (0.135 g, 70%): TLC (30% EtOAc/70% hexanes) R^0.20. 

A13a. General Method for Snbstituted Aniline Formation via Nitroarene 




Formation Through NucleophOic Aromatic Substitution, Followed by 



25 



Rednctiim 
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Step 1. l-Methoxy-4-(4-nitrophenoxy)benzene: To a suspension of NaH (95%, LSO 
g, 59 nunol) in DMF (100 mL) at room temp, was added dropwise a solution of 4- 
methoxyphenol (7.39 g, 59 mmol) in DMF (50 mL). The reaction was stirred 1 h, then a 
solution of l-fluoro-4-nitroben2ene (7.0 g, 49 nunol) in DMF (50 mL) was added 
5 dropwise to form a dark green solution. The reaction was heated at 95 overnight, then 
cooled to room temp., quenched with H2O, and concentrated in vacuo. The residue was 
partitioned between EtOAc (200 mL) and H^O (200 mL) . The organic layer was 
sequentially washed with H2O (2 x 200 mL), a satiu^ted NaHCOj solution (200 mL), and 
a saturated NaCl solution (200 mL), dried (NajSOJ, and concentrated in vacuo. The 



10 residue was triturated (EtjO/hexane) to afford I-methoxy-4-(4-nitrophenoxy)ben2ene 
(12.2 g, 100%): 'H-NMR (CDCI3) 5 3.83 (s, 3H), 6.93-7.04 (m, 6H), 8.18 (d, M9.2 Hz, 
2H);EI-MSiw/2 245(M0. 



15 Step 2. 4-(4-Methoxyphenoxy)aniline: To a solution of l-methoxy-4-(4- 
mtiophenoxy)benzcne (12.0 g, 49 mmol) in EtOAc (250 mL) was added 5% Pt/C (1.5 g) 
and the resulting slurry was shaken under a atmosphere (50 psi) for 18 h. The reaction 
mixture was filtered through a pad of Celite^ with the aid of EtOAc and concentrated in 
vacuo to give an oil which slowly solidified (10.6 g, 100%): 'H-NMR (CDCI3) 5 3.S4 (br 

20 s, 2H), 3.78 (s, 3H), 6.65 (d, >8.8 Hz, 2H), 6.79-6.92 (m, 6H); EI-MS m/z 215 (M*). 

A13b. General Method for Substitated AniUne Formation via Nitroarene 
Formation Tlirough Nudeopliilie AromatiG Substitution, Followed by 
Rednctioii 



Stepl. 3-(Trifluorometfayl>-4*(4*PyridiDyIthio)n{trobenzene: A solution of 4- 
macaptxq)yridine (2.8 g, 24 mmoles), 2-fiuoxo*5-nitxx)benzotrifluoride (5 g, 23.5 
mmoles), and potassium caibonate (6.1 g, 443 nunoles) in anhydrous DMF (80 mL) was 




25 
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stiired at room tempraaturc and under argon overnight. TLC showed complete reaction. 
The mixture was diluted with EtjO (100 mL) and water (100 mL) and the aqueous layer 
was back-«rtracted with EtjO (2 x 100 mL). The organic layers were washed with a 
saturated NaCI solution (100 mL), dried (MgSOJ, and concentrated under reduced 
pressure. The solid residue was triturated with EtjO to afford die desired product as a tan 
solid (3.8 g, 54%): TLC (30% EtOAc/70% hexane) R^0.06; 'H-NMR (DMSO-dj) 6 7.33 
(dd, ^1.2. A2 Hz. 2H). 7.78 (d, 7=8.7 Hz, IH), 8.46 (dd, 7=2.4. 8.7Hz, IH), 8.54-8.56 
(m.3H). 




Step 2. 3-(rriflttoromethyI)-4-(4-pyridinyltliio)aniIine: A sluny of 3-trifluoromethyl- 
4-(4-pyridiiiyltfaio)mtrobenzaie (3.8 g, 12.7 nunol), iron powder (4.0 g, 71.6 mmol), 
acetic acid (100 mL). and watw (I mL) were stirred at room temp, for 4 h. The mixture 
was diluted with EtjO (100 mL) and water (100 mL). Hie aqueous phase was adjusted to 
pH 4 with a 4 N NaOH solution. The combined organic layers were washed with a 
saturated NaCl solution (100 mL), dried (MgSOJ, and concentrated under reduced 
pressure. The residue was filtered through a pad of silica (gradient fiom 50% 
EtOAc/50% hexane to 60% EtOAc/40% hexane) to afford fbe desired product (3.3 g): 
TLC (50% EtOAc/50% hexane) R^O.IO; 'H-NMR CDMSO-^ S 6.21 (s, 2H), 6.84-6.87 
(m, 3H), 7. 10 (d, 7^2.4 Hz, IH), 7.39 (d, >»8.4 Hz, IH), 829 (d, >6.3 Hz, 2H). 

A13c General Method for Substituted Aniline Formation via Nitroarene 
Formation TItrougli Nndeopliiiic Aromatic Substitution, Followed by 
Reduction 




o 

Step 1. 4-(2-(4-PhenyI}thiazolyl)aiio*l-nitrobeiizene: A solution of 2-mercapto-4- 
phenyltfaiazole (4.0 g, 20.7 mmoles) in DMF (40 mL) was treated with l-fluoro-4- 
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nitrobenzene (2.3 mL, 21.7 mmoles) followed by K2CO3 (3.18 g, 23 nxmol), and the 
mixture was heated at approximately 65 overnight. The reaction mixture was then 
diluted with EtOAc (100 mL), sequentially washed with water (100 mL) and a saturated 
NaCl solution (100 mL), dried ^gSOJ and concentrated under reduced pressure. The 
5 solid residue was triturated witti a EtjO/hexane solution to afford the desired product (6.1 
g): TLC (25% EtOAc/75% hexane) R^O.49; *H-NMR (CDCI3) 6 7.35-7.47 (m, 3H), 7.58- 
7.63 (m, 3H), 7.90 (d, Hz, 2H), 8.19 (d, 7=9.0 Hz, 2H). 



Step 2. 4-(2-(4-PhenyI)thiazolyl)thioaniline: 4-(2-(4-Phenyl)thiazolyl)thio-l -nitro- 
10 benzene was reduced in a manner analagous to that used in the preparation of 3- 
(trifluoromethyI>4.(4-pyridinylthio)anilme: TLC (25% EtOAc/75% hexane) R^O.IS; "H- 
NMR (CDCI3) 5 3.89 (br s. 2H), 6.72-6.77 (m, 2H). 7.26-7.53 (m, 6H), 7,85-7.89 (m, 
2H). 

15 A13d. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nudeophilic Aromatic Substitution, Followed by 
Reduction 



Step 1. 4-(6-MethyI-3*pyridinyloxyH*ititrobeiizaie: to a solution of 5-liydioxy*2- 
20 mefhylpyridine (5.0 g, 45.8 nunol) and l-fluoro-4-nitfobenzene (6.5 g, 45.8 nunol) in anh 
DMF (50 mL) was added K^COz (13.6 g, 9L6 nunol) in one poiticnL The mixture was 
heated at the reflux temp, with stilling for 18 h and tbm allowed to cool to room temp. 
The resulting mixture was poured into water (200 mL) and extracted wifli EtOAc (3 x 
150 mL). The combined organics were sequentially washed with water (3 x 100 mL) and 
25 a saturated NaCl solution (2 x 100 mL), dried (tiaj&04\ and concentrated in vacuo to 
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afford the desired product (8.7 g, 83%), The this material was carried to the next step 
without furttier purification. 

Step 2. 4*(6-Methyi-3-pyridinyIoxy)aniIine: A solution of 4-(6-methyl-3- 
pyridinyloxy)-l-nitrobenzene (4.0 g, 17.3 mmol) in EtOAc (150 xnL) was added to 10% 
Pd/C (O.SOO g, 0.47 mmol) and the resulting mixture was placed under a atmosphere 
(balloon) and was allowed to stir for 18 h at room teiiq>. The mixture was then filtered 
through a pad of Celite^ and concentrated in vacuo to afford the desired product as a tan 
solid(3.2&92%): EI-MS m/z 200 (NO* 

A13e. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 
Reduction 

.OMe 



O2N ^ OMe 

IS Step 1/ 4-(3^-Dlmethoxyphenoxy)-l*nitrobenzene: To a solution of 3,4- 
dimettioxyphenol (1.0 g, 6.4 mmol) and l-fIuoro-4-nitrobeiizaie (700 (iL, 6.4 mmol) m 
anh DMF (20 mL) was added KjCO, (1.8 g, 12.9 mmol) in one portion. The mixture was 
heated at die reflux temjp with sdning for 18 h and then allowed to cool to room temp. 
The mixture was then poured into water (100 mL) and extracted with EtOAc (3 x 100 

20 mL). The combined organics were sequentially washed with water (3 x 50 mL) and a 
saturated NaCl solution (2 x 50 mL^ dried (NajSOJ, and concentrated in vacuo to afiford 
the desired product (0.8 g, 54%). The crude product was carried to tiie next stq) without 
iurtiier purification. 

25 Step 2. 4-(394-Dimethoxyphenoxy)anUine: A solution of 4-(3,4-dunethoxy-phenoxy)- 
1-nitrobenzene (0.8 g, 32 mmol) in EtOAc (50 mL) was added to 10% Pd/C (0.100 g) 
and the resulting mixture was placed under a atmosphm (balloon) and was allowed to 
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Stir for 18 h at room temp. The mixture was then filtored through a pad of Celite and 
concentrated in vacuo to afford the desired product as a white solid (0.6 g, 7S%): EI-MS 
m/2 245(Nr). 

5 A13f. General Method for Substituted AnUine Formation via Nitroarene 
Formation Through NucleophlUc Aromatic Substitution, Followed by 
Reduction 



Step 1. 3-(3-Pyridinylo3^)-l-nitrobeBze&e: To a solution of 3-hydroxypyridine (2.8 g, 
10 29.0 mmol), l-hromo-3-nitrobmzene (5.9 g, 29.0 mmol) and copper(I) bromide (5.0 g, 
34.8 mmol) in anh DMF (50 mL) was added KjCO^ (8.0 g, 58.1 mmol) in one portion. 
The resulting mixture was heated at the reflux temp, with stiiring for 18 h and then 
allowed to cool to room temp. The mixture was then poured into water (200 mL) and 
extracted with EtOAc (3 x 150 mL). The combined organics were sequentially washed 
15 with water (3 x 100 mL) and a saturated NaCl solution (2 x 100 mL), dried (Na^SOJ, and 
concentrated in vacuo. The resulting oil was purified by flash chromatography (30% 
EtOAc/70% hexane) to afford the desired product (2.0 g, 32 %). This material was used 
in the next step without fiirtho* purification. 



20 Step 2. 3*(3*Pyridinyloxy)aniline: A solution of 3-(3-pyridinyloxy)-l-nitrobenzene 
(2.0 g, 9.2 mmol) in EtOAc (100 mL) was added to 10% Pd/C (0.200 g) and the resulting 
mixture was placed under a atmosphere (balloon) and was allowed to stir for 18 h at 
room temp. The mixture was then filtered through a pad of Celite® and concentrated in 
vacuo to afford the desired product as a red oil (L6 g, 94%): EI-MS nt/^ 1 86 QiJt). 



A13g. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nudeophilic Aromatic Substitution, Followed by 





25 



Reduction 
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Step L 3-(5-Methyl-3-pyridinyIoxy>-l-nitrobenzene: To a solution of 3-hydroxy-5- 
methylpyridine (5,0 g, 45.8 mmol), l-bromo-3-nitrobenzene (12.0 g» 59.6 mmol) and 
copper(I) iodide (10.0 g, 73.3 mmol) in anh DMF (50 mL) was added K2CO3 (13.0 g, 
5 91 .6 mmol) in one portion. The mixture was heated at the reflux temp, with stirring for 1 8 
h and then allowed to cool to room temp. The mixture was then poured into water (200 
noL) and extracted witib EtOAc (3 x 150 mL). The combined organics were sequentially 
washed with water (3 x 100 mL) and a saturated NaCi solution (2 x 100 mL), dried 
(Na^SOJ, and concmtrated in vacuo . The resulting oil was purified by flash 
10 chromatography (30% EtOAc/70% hexane) tp afford the desired product (L2 g, 13%). 



Step 2. 3-(5-IM[ethyI-3-pyridfaiylor)^)-l-nitrobenz»e: A solution of 3-(5-methyl**3-' 
pyridinyloxy>l-nitrobenzene (1.2 g» 5.2 mmol) in EtOAc (50 mL) was added to 10% 
Pd/C (0.100 g) and the resulting mixture was placed under a atmosphere (balloon) and 
IS was allowed to stir for 18 h at room t^p. The mixture was then filtered through a pad of 
Celite*^ and concentrated in vacuo to afford the desued product as a red oil (0.9 g, 86%): 
a-MSm/2 201((M+H)0. 

A13b. General Method for Substituted Anfline Formation via Nitroarene 
20 Formation Throagh Nacleophiiic Aromatic Substitutiony Followed by 



Step 1. S-Nitro-2-<4-methylphenoxy)pyridine: To a solution of 2-diloTO-5- 
mnopyridine (6.34 g, 40 mmol) in DMF (200 mL) were added of 4-methylphenol (5.4 g, 
25 50 mmoU 1.25 equiv) and KjCOj (8.28 g, 60 mmol, 1.5 eqdv). The mixture was stirred 
ovemight at room temp. The resulting mixture was treated widi water (600 mL) to 
gena:ate a precipitate. This mixture was stirred for 1 h, and ttie solids were separated and 




Reduction 
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sequentially washed with a 1 N NaOH solution (25 mL), water (25 mL) and pet ether (25 
mL) to give the desired product (7.05 g, 76%): mp 80-82 ''C; TLC (30% EtOAc/70% pet 
ether) R^O.79; »H-NMR (DMSO-d^) 5 2.31 (s, 3H), 7.08 (d, /=8.46 Hz, 2H), 7.19 (d, 
>9.20 Hz, IH), 7.24 (d, 7-8.09 Hz, 2H), 8.58 (dd, >=2.94, 8.82 Hz, IH), 8.99 (d, ^2.95 
Hz, IH); FAB-MS m/z (rel abundance) 231 ((M+H)*), 100%). 



Step 2« 5-Aiiiino-2-(4-methylphenoxy)pyridine Dihydrochloride: A solution 5-nitio- 
2'<4-methylphenoxy)pyridine (6.94 g, 30 nunol, 1 eq) and EtOH (10 mL) in EtOAc (190 
mL) was purged with argon then treated with 10% Pd/C (0.60 g). The reaction mixture 
was then placed under a Hj atmosphere and was vigorously stirred for 2.5 h. The reaction 
mixture was filtered through a pad of Celite®. A solution of HCl in EtjO was added to the 
filtrate was added dropwise. The resulting precipitate was separated and washed with 
EtOAc to give the desired product (7.56 g, 92%): mp 208-210 (dec); TLC (50% 
EtOAc/50% pet ether) 0.42; ^H-NMR (DMSO-d^) S 2.25 (s, 3H), 6.98 (d, ^8.45 Hz, 
2H), 7.04 (d, >8.82 Hz, IH), 7.19 (d, 7^8.09 Hz, 2H), 8.46 (dd, J^2.57, 8.46 Hz, IH), 
8.63 (d, >2.57 Hz, IH); EI-MS m/z (rel abundance) (M^, 100%). 

A13i. General Method for Substitated Anfline Formation via Nitroarene 
Formation Through Nacleophilic Aromatic Substitiition, Followed by 



Step 1. 4-(3-Thienylthio)-l*nitrobennne: To a solution of 4-mtiothiophenol 
(80%pure; 1.2 g, 6.1 mmol), S-faiomothiophene (1.0 g, 6.1 mmol) and coppea[(n) oxide 
(0.5 g, 3.7 mmol) in anhydrous DMF (20 mL) was added KOH (0.3 g, 6. 1 mmol), and the 
resulting mixture was heated at 130 with stiiring for 42 h and then aUowed to cool to 
rocmitenq). The reaction mixtuie was dira poured into a mixture f ice and a 6N HCl 




Reduction 
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solution (200 mL) and the resulting aqueous mixture was extracted with EtOAc (3 x 100 
mL). The combined organic layers were sequentially washed with a IM NaOH solution 
(2 X 100 mL) and a saturated NaCl solution (2 x 100 niL)» dried (MgSOJ, and 
concentrated in vacuo . The residual oil was purified by MPLC (silica gel; gradient from 
5 10% EtOAc/90% hexane to 5% EtOAc/95% hexane) to afford of the desired product (0.5 
g, 34%), GC-MS m/z 237 (Nf). 



Step 2. 4-(3-ThienyIthio)a]iiUiie: 4-(3-Thienylthio)*l-mtroba)zene was reduced to the 
aniline in a manner analogous to that described in Method B 1 . 



A13j. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 
Reduction 



4-(S-Pyrlmininyloxy)aniIine: 4*Aminophenol (LO g, 9.2 mmol) was dissolved in DMF 
(20 mL) then 5-biomopyrimidine (1.46 g, 92 mmol) and K2CO3 (1.9 g, 13.7 mmol) 
were added. The mixture was heated to 100 for 18 h and at 130 for 48 h at which 
C3C-MS analysis indicated some remaining starting material. The reaction mixture was 
20 cooled to room temp, and diluted with water (SO mL). The resulting solution was 
extracted with EtOAc (100 mL). The otganic layer was washed with a saturated NaG 
solution (2 X SO mL), dried (M^O^\ and concentrated in vacuo. The lesidular solids 
were purified by MPLC (S0% EtOAc/S0% hexanes) to give the desired amine (0.6S0 g. 



A13k. General Method for Sabstttuted Aniline Formation via Nitroarene 
Formatipn Tlirongii Nucleopliilic Aromatic Sabstitution, Followed by 




10 



15 




38%). 



25 



Redaction 
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OMe 



Step 1. 5-Broino-2-methoxypyridine: A mixture of 2,5-dibromopyridine (5.5 g, 23.2 
nunol) and NaOMe (3.76g, 69.6 mmol) in MeOH (60 mL) was heated at 70 °C in a 
sealed reaction vessel for 42 h, then allowed to cool to room temp. The reaction mixture 
5 was treated with water (50 mL) and extracted with EtOAc (2 x 100 mL). The combined 
organic layers were dried (NajSOJ and concentrated imder reduced pressure to give a 
pale yellow, volatile oil (4.1g, 95% yield): TLC (10% EtOAc / 90% hexane) RjrO.57. 



Step 2. 5-Hydroxy-2-methoxypyridine: To a stirred solution of 5-bromo-2- 
10 methoxypyiidine (8.9 g, 47.9 mmol) in THF (175 mL) at -78 was added an n- 
butyllitfaium solution (2.5 M in hexane; 28.7 mL, 71.8 mmol) dropwise and die resulting 
mixture was allowed to stir at -78 for 45 min. Trimetfiyl borate (7.06 mL, 62.2 mmol) 
was added via syringe and tiie resulting mixture was stined for an additional 2 h. The 
bright orange reaction mixture was wanned to 0 and treated with a mixture of a 3 
15 N NaOH solution (25 mL, 71.77 mmol) and a hydrogoi peroxide solution (30%; dppiox. 
50 mL). The resulting yellow and slightly tuibid reaction mixture was wanned to room 
tonp. for 30 min and then heated to the reflux temp, for 1 h. The reaction mixture was 
then allowed to cool to room temp. The aqueous layer was neutralized with a IN HCl 
solution then extracted with Ex^O (2 x 100 mL). The combined organic layers were dried 
20 (Na2^0^) and concentrated under reduced pressure to give a viscous yellow oil (3.5g, 



Steps. 4-(5-(2-Methoxy)pyricfyl)oxy*l-nitrobeiizeiie: To a stirred slurry of NaH 
(97%, 1.0 g, 42 mmol) in anh DMF (100 mL) was added a solution of 5-hydioxy-2- 
25 metboxypyridine (3.5g, 28 mmol) m DMF (100 mL). The resulting mixture was allowed 
to stir at room temp, for 1 h, 4-fluoronitrobenzene (3 mL, 28 mmol) was added via 
syringe. The reaction nmixture was heated to 95 overnight, then treated with water 
(25 mL) and extracted with EtOAc (2 x 75 mL). The oiganic layer was dried (MgSOJ 




60%). 




wo 99/32463 



PCT/US98/27265 



52 



and concentrated xmder reduced pressure. The residual brown oil was ciystalized 
EtOAc/hexane) to afford yellow crystals (5.23 g, 75%). 



Step 4. 4-(S<2*Methoxy)pyridyl)Dxyaniline: 4^5K2-Methoxy)pyridyl)oxy-1- 
nitrobenzene was reduced to the aniline in a manner analogous to that described in 
Method B3d,Step2. 

A14a. General Method for Substituted Aniline Synthesis via Nucleophilic Aromatic 
Sttbstitntion using a Halopyridine 



3<<4-Pyridin)1thio)aniIine: To a solution of 3-aminothiophenol (3.8 mL» 34 mmoles) in 
anh DMF (90niL) was added 4-chloropyridine hydrochloride (5.4 35.6 nnnoles) 
followed by K2C03 (16.7 g, 121 nunoles). The reaction mixture was stured at room 
temp, for 1.5 h, then diluted with EtOAc (100 mL) and water (lOOmL). ITie aqueous 
layer was back-extracted with EtOAc (2 x 100 mL), The combined organic layers were 
washed with a saturated NaCl solution (100 mL), dried (MgS04), and concentrated under 
reduced pressure. The residue was filtered through a pad of silica (gradient from 50% 
EtOAc/50% hexane to 70% EtOAc/30% hexane) and the resulting material was triturated 
with a EtjO/hmane solution to afford the desired product (4.6 g, 66%): TLC (100 % ethyl 
acetate) 1^029; "H-NMR (DMSOdJ & 5.41 (s, 2H), 6.64^.74 (m, 3H), 7.01 (d, J«4.8, 
2H), 7.14 (t, J==7.8 Hz, IH), 8.32 (d, J«4.8, 2H). 

A]4b. Graeral Method for Substituted Anfline Synfli^te via Nucleophilic Aromatic 
Substitution using a Haloj^dine 



4-(2-Methyl-4*pyridinyl ^)aniline: To a solution of 4-aniinophenol (3.6 g, 32.8 
mmol) and 4-chlorqpicoline (5.0 g, 39.3 mmol) in anh DMPU (50 mL) was added 
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potassium /cr/-butoxide (7.4 g, 65.6 mraol) in one portion. The reaction mixture was 
heated at 100 with stitring for 18 h, then was allowed to cool to room temp. The 
resulting mixture was poured into water (200 mL) and extracted with EtOAc (3 x 150 
mL). The combined extracts were sequentially washed with water (3 x 100 mL) and a 
5 saturated NaCl solution (2 x 100 mL), dried (NazSOJ, and concentrated in vacuo. The 
resulting oil was purified by flash chromatography (50 % £tOAc/S0% hexane) to afford 
the desired product as a yellow oil (0,7 9%): CI-MS m/z 201 ((M+H)^. 

A14c. General Method for Substituted Aniline Synthesis via Nucleopliilic Aromatic 
10 Substitution usmg a Halopyridine 



Step !• Methyl(4-nitrophenyl)-4-pyridyiamine: To a susprasion of A/^methyl-4- 
nitroaniline (2.0 g, 13.2 mmol) and K2CO3 (7.2 g, 52.2 mmol) in DMPU (30mL) was 
15 added 4-chIoropyridine hydrochloride (2.36 g, 15.77 mmol). The reaction mixture was 
heated at 90 for 20 h, then cooled to room temperature. The resulting mixture was 
diluted with water (100 mL) and extracted with EtOAc (100 mL). The oig;amc layer was 
washed with water (100 mL), dried (Na2S04) and concentrated under reduced pressure. 
The residue was purified by column chromatography (silica gel, gradient from 80% 



20 BtOAc /20% hexanes to 100% EtOAc) to afford meftyl(4-nitrophenyI)-4-pyridylamine 
(0.42 g) 



A1& General Metiiod f Sabstitated Aniline Synthesis via Phen 1 AUcylation 
Followed by Reduction faNitroarme 





Step 2* Metbyl(4-aminophenyl)-4-pyridyIamine: Metfayl(4-mtn)phenyl)-4- 
pyridylamiue was reduced in a manner analogous to diat described in Method BL 



25 



wo 99/32463 



PCT/US98/27265 



O2N 



Step 1. 4-(4-Butoxyphenyl)thio-l-nitrobenzene: To a solution of 4-(4-nitrophenyl- 
thio)phenol (L50 g, 6.07 mmol) in anh DMF (75 ml) at 0 was added NaH (60% in 
mineral oil, 0.267 g, 6.67 mmol). The brown suq)ension was stirred at 0 X until gas 

5 evolution stopped (15 min), then a solution of iodobutane (1 .12 g, .690 ml, 6,07 nunol) in 
anh DMF (20 mL) was added dropwise over 15 min at 0 **C. The reaction was stirred at 
room temp, for 18 h at which time TLC indicated the presence of unreacted phenol, and 
additional iodobutane (56 mg, 0.035 mL, 0.303 mmol, 0.05 equiv) and NaH (13 mg, 
0.334 mmol) were added. The reaction was stirred an additional 6 h room tcmp.^ then 

10 was quenched by the addition of water (400 mL). The resulting mixture was extracted 
with Et20 (2 X 500 mL). The combibed organics were washed with wator (2 x 400 mL), 
dried (MgSOJ, and concentrated under reduced pressure to give a clear yellow oil, which 
was purified by silica gel chromatography (gradiral fnmi 20% EtOAc/80% hexane to 
50% EtOAc/50% hexane) to give the product as a yellow solid (1.24 g, 67%): TLC (20% 



15 EtOAc/80% hexane) 1^0,75; 'H-NMR (DMSO-dJ 8 0.92 (t, J« 7.5 Hz, 3H), 1.42 (app 
hex,>=7.5Hz,2H), 1.70 (m,2H), 4.01 (t, ^ 6.6 Hz, 2H), 7.08 (d, ,^8.7 Hz, 2H), 7.17 
(d, J=9 Hz, 2H), 7.51 (d, 8.7 Hz, 2H), 8.09 (d, > 9 Hz, 2H). 



Step 2. 4-(4-'BatoxypbenyI)thioaaiUne: 4-(4-Butoxyphenyl)tfaio-l-nitnibeazene was 
20 reduced to the aniline in a manner analagous to that used in the preparation of 3*- 
(trifluoromelhyl>4*(4*pyridinylfhio)aniline (Method B3b, Step 2): TLC (33% 



A16. General Method for Synthesis of Substitnted Anilines by the Aqrlation of 
25 Diaminoarenes 




EtOAc/77% hexane) 0J8. 
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4-(4-tert-But xycarbamoylbenzyI)aniline: To a solution of 4,4'-mefliylenedianilme 
(3.00 g, IS.l mmol) in anh THF (50 mL) at room tranp was added a solution of di-/erf- 
butyl dicarbonate (3.30 g, 15.1 nunol) in anh THF (10 mL). The reaction mixture was 
heated at the reflux temp, for 3 h, at which time TLC indicated the presence of unreacted 
5 metfaylenedianiline. Additional di-r«rr-butyl dicatbonate (0.664 g, 3.03 mmol, 0.02 
equiv) was added and the reaction stirred at die reflux temp, for 16 h. Hie resulting 
mixture was diluted with EtjO (200 mL), sequentially washed with a saturated NaHCO, 
solution (100 ml), water (100 mL) and a saturated NaCi solution (50 mL), dried 
(MgS04), and concentrated under reduced pressure. The resulting white solid was 
10 purified by silica gel diromatogr^hy (gradient from 33% EtOAc/67% hexane to 50% 
EtOAc/50% hracane) to afford die desued product as a white solid ( 2.09 g, 46%): TLC 
(50% EtOAc/50% hexane) 1^0.45; 'H-NMR (DMSO-d,) 5 1.43 (s, 9H). 3.63 (s, 2H), 
4.85 (br s, 2H), 6.44 (d, >=8.4 Hz, 2H), 6.80 (d. 7=8.1 Hz, 2H), 7.00 (d, 7=8.4 Hz. 2H), 
7.28 (d, 7=8.1 Hz, 2H), 9.18 (br s, IH); FAB-MS m/fe 298 (NT). 

15 

A17. General Method for the Synthesis of Aryl Amines via ElectrophiUc Nitration 
Followed by Redaction 




Step 1. 3-(4-Nitrobenzyl)pyridine: A solution of 3-benzylpyridine (4.0 g, 23.6 
20 mmol) and 70% nitric add (30 mL) was heated overnight at .50 °C. The resulting mixture 
was allowed to cool to room temp, then powed into ice water (350 mL). The aqueous 
mixture then made basic with a IN NaOH solution, then extracted with EtjO (4 x 100 
mL). The combined extracts woe sequentially washed widi water (3 x 100 noL) and a 
saturated NaCl solution (2 x 100 mL), dried (NajSOJ, and concentrated crt vacuo. The 
25 residual oil was purified by MPLC (silica gel; 50 % EtOAc/50% hexane) then 
reco^tallizatioD (BtOAc/hexane) to afBard the deared product (1.0 g, 22%): G&MS m/z 
214 (M*). 
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Step 2. 3-(4-'Pyridinyl)methyIaDUine: 3-(4-Nitrobenzyl)pyridine was reduced to the 
aniline in a manner analogous to that described in Method Bl. 

A18* General Method for Synthesis of Aryl Amines via Substitution ^rith 



Step 1. 4-(l-Iniidazo]ylmethyl)^l*nitroben2ene: To a solution of imidazole (0.5 g, 7.3 
mmol) and 4-nitroben2yl bromide (1.6 g, 73 mmol) in anh acetonitrile (30 mL) was 
added K2CO3 (1.0 g, 7.3 mmol). The resulting mixture was stirred at rooom temp, for 18 
10 h and then poured into water (200 mL) and the resulting aqueous solution wasextracted 
with BtOAc (3 x 50 mL). The combined organic layers were sequentially washed with 
wat^ (3 X 50 mL) and a saturated NaCl solution (2 x 50 mL), dried (MgSOJ, and 
concentrated in vacuo. The residual oil was purified by MPLC (silica gel; 25% 
£tOAc/75% hexane) to afford the desved product (1.0 g, 91%): EI-MS m/z 203 (NT). 



Step 2. 4-(l-ImidazolyhnethyI)aniUne: 4-(l-ImidazoIylmethyl)-l -nitrobenzene was 
reduced to the aniline in a manner analogous to that described in Method B2. 

A19. Formation of Substituted Hydroxymetfaylanilittes by Oxidation of 



StepL 4-<l-Hydroxy-l-(4-|iyridyI)metiiyM-nitrobenzene: ToastuiedsolutionofS- 
(4-nitcobenzyt)pyridine (6.0 g» 28 mmol) in CHjClj (90 mL) was added m-CPBA (5.80 g, 
33.6 mmol) at 10 and the mixture was stizrod at room temp, ovemi^t. The reaction 
25 mixture was successively washed with a 10% NaHSO^ solution (50 mLX a saturated 
K^CO) solution (50 mL) and a saturated NaCl solution (50 mL)» dried CMgS04) and 



Nitrobenzyl Halides Followed by Reduction 





Nitrobenzyl Compounds Followed by Reduction 
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concentrated under reduced pressure. The resulting yellow solid (2.68 g) was dissolved 
in anh acetic anhydride (30 mL) and heated at the reflux ten:q)erature overnight. The 
mixture was concentrated under reduced pressure. The residue was dissolved in MeOH 
(25 mL) and treated with a 20% aqueous NH3 solution (30 mL). The mixture was stined 
at room temp, for 1 h, then was concentrated under reduced pressure. The residue was 
poured into a mixture of water (50 mL) and CHjClj (50 mL). The organic layer was dried 
(MgSOJ, concentrated under reduced pressure, and purified by column chromatography 
(80% EtOAc/ 20% hexane) to afford the desired product as a white solid. (0.53 g, 8%): 
mp UO'118 ^C; TLC (80% EtOAc/20% hexane) 0.12; FAB-MS m/z 367 ((M+H)*, 
100%). 



Step 2. 4-(l-Hydroxy-l-(4-pyridyl)methylaname: 4^1-Hydroxy-l-<4-pyridyl)-methyl- 
1-nitrobenzme was reduced to the aniline in a manner analogous to that described in 
Method B3d, Step2. 

AZO. Formation of 2«(iV-methylcarbamoyl)py ridines via the Menisci reaction 

O 



Step 1. 2-(7V*methylcarbamoyI>-4^hIoropyridine. (Caution: this is a highly 
hazardous, potentially explosive reaction.) To a solution of 4*chloiiopyridine (10.0 g) in 
7V-methylfoxmamide (250 mL) under argon at ambient temp was added cone. H2SO4 (3.55 
mL) (exoifaenn). To this was added HA (17 mL, 30% wt in H20) followed by 
FeS047H20 (0.55 g) to produce an exotfaerai. The reaction was stirred in Oe dark at 
ambient temp for Ih then was heated slowly ov^ 4 h at 45 ^C. When bubbling 
siibsided,the reaction was heated at 60 for 16 h. Hie opaque brown solution was 
diluted witfi H20 (700 mL) followed by a 10% NaOH solution (250 mL). The aqueous 
mixture was extracted with EtOAc (3 x 500 mL) and flie organic layers woe washed 
sq)arately wifli a saturated NaCl solution (3 x 150 mIL. The combined organics were 



OH 





wo 99/32463 



58 



FC1/US98/27265 



dried (MgS04) and filtered through a pad of silica gel eluting with EtOAc. The solvent 
was removed in vacuo and the brown residue was purified by silica gel chromatography 
(gradient fi-om 50% EtOAc / 50% hexane to 80% EtOAc / 20% hexane). The resulting 
yellow oil ciystallized at 0 over 72 h to give 2-(iV-methylcarbamoyI>4-chloropyridine 
m yield (0.61 g, 53%): TLC (50% EtOAc/50% hexane) R^0.50; MS; *H NMR (CDCl^): 
d 8.44 (d, 1 H, J = 5.1 Hz, CHN), 8.21 (s, IH, CHCCO), 7.96 (b s, IH, NH), 7.43 (dd, 
IH, J = 2.4, 5.4 Hz, CICHCN), 3.04 (d, 3H, J = 5.1 Hz, methyl); CI-MS m/z 171 
((M+H)+). 

A2] . Generalmethod for the SyDtfaesis of (o-Salfonylphenyl Anilines 




Step 1. 4-(4-Metbylsulfonyiphettoxy)-l-nitrobenzene: To a solution of 4-(4- 
methylthiophenoxy)-l-ntirobenzene (2 g, 7.66 mmol) in CH^Clj (75 mL) at 0 ""C was 
slowly added mCFBA (57-86%, 4 g), and the reaction mixture was stirred at room 
temperature for 5 h. The reaction mixture was treated with a 1 N NaOH solution (25 
mL). The organic layer was sequentially washed with a IN NaOH solution (25 mL), 
water (25 mL) and a saturated NaO solution (25 mL), dried (MgSO^), and concentrated 
under reduced pressure to give 4-(4-metfaylsulfoiiy]^henoxy)-:l-mtrobenzene as a solid 
(2.1 g). 

Step 2. 4-(4-Metfaylsulfonylptaeaoxy)-l-aniline: 4-(4-Methylsulfonylphenoxy)-l* 
nitrobenzene was reduced to the aniline in a manner anaologons to that described in 
Method B3d, step 2. 

A22« General Method for Syntiiesis of o-Alkoi^-co-carboxyphenyl Anilines 

O 
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Step 1. 4-(3-Meth xycarbonyl-4*ihethoxyphenoxy)-l-iiitrobenzene: To a solution of 
-(3-carboxy-4-hydroxyphenoxy)-l-nitrobenzene (prepared in a manner analogous to that 
described in Method B3a, step 1, 12 mmol) in acetone (50 mL) was added K2CO3 (5 g) 
and dimethyl sulfate (3:5 mL). The resulting mixture was heated aaaaaat the reflux 
5 tempoerature overnight, then cooled to room temperature and filtered through a pad of 
Celite®. The resulting solution was concentirated under reduced pressure, absoihed onto 
silica gel, and purified by column chromatogr^hy (50% EtOAc / 50% hexane) to give 4- 
(3-methoxycarbonyl-4-methoxyphenoxy)-l-nitrobenzene as a yellow powder (3 g): mp 
115 118 ^C. 



Step 2. 4*(3-^aiii03^-4-methoxyphenoxy)-l*nitrobenzeiie: A mixture of 4*(3- 
niethoxycaibonyM-me1faoxyphenoxy)-l-mtzobenzene (12 g). KOH (033 gXand water (5 
mL) in MeOH (45 mL) was stined at room temperature overnight and Ihtt heated at die 
reflux tempraature for 4 h. The resulting mixture was cooled to room temperature and 
15 concaitrated under reduced pressure. The residue was dissolved in water (50 mL), and 
the aqueous mixture was made acidic with a IN HCl solution. The resulting mixture was 
extracted with EtOAc (50 mL). The organic layer was dried (MgSOJ and concentrated 
under reduced pressure, to give 4*(3-caiboxy-4-methoxyphmoxy)*l-nitrob^ene (L04 



B. General Metbodls of Urea Formation 

Bla. General Metiiod for the Reaction of an Aryl Amine witb an Aryl Isocyanate 



10 




20 
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yV-(5-/cr/-ButyI-2-(3-tetraIiydrofuranyloxy)phenyl)-A^'-(4-metiiyIphenyI)urea: To a 
solurion of 5-rer/-butyl-2-(3-tetrahydK)furanyloxy)aniline (0.078 g, 0,33 iranol) in toluene 
(2.0 mL) was added />-tolyl isocyanate (0.048 g, 0.36 nunol) and the resulting mixture 
was allowed to stir at room teiiq>. for 8 h to produce a precipitate. The reaction mixture 
S was filtered and the residue was sequentially washed with toluene and hracanes to give the 



desired urea as a white solid (0.091 g, 75%): mp 229-231 "C; H-NMR (DMSO-de) 5 
1.30 (s. 9H), 1.99-2.03 (m, IH), 2.19-2.23 (m, 4H), 3,69-3.76 (m, IH), 3.86-3.93 (m, 3H), 
4.98-5.01 (m, IH), 6.81-6.90 (m, 2H). 7.06 (d, Hz, 2H. 7.32 (d, J^S.09 Hz, 2H), 

7.84 (s, IH), 8.22 (d, ^2.21 Hz, IH), 9.26 (s. IH). 



Bib. General Method for the Reactfon of an Aryl Amine witti an Aryl Isocyanate 



iV-(2-Methoxy-5-(trIfluorometiiane5nlfonyl)phenyl)-7VX4-metbylphenyl)urea: p- 
Tolyl isocyanate (0.19 mL, 1.55 mmol) was added to a solution of 2-raethoxy-5- 

15 (trifluorom6thane8uIf<myl)aniline (0.330 g, 1.29 nunol) in EtOAc (S mL), and fbs 
reaction mixture was stined at room temp, for 18 h. The lauhing precipitate was 
collected filtration and washed with E^O to give a widte solid (OJ28 g). This material 
was then purified by HPLC (C-18 column, 50% CH}CN/S0% Kfi) and the resulting 
solids were totucated with E^O to jnovide the title conqiound (0.198 g): 'H-NNfIR 

20 (CDCla) 6 7.08 (d, ^8.5 Hz, 2H), 7.33 (d. Ji=8.5 Hz, 2H), 7.40 (d. J^:8 Hz, IH), 7.71 
(dd, J^2A 8.8 Hz, IH), 8.66 (s, IH), 8.90 (d, >2.6 Hz, IH), 936 (s. IH); FAB-MS m/fe 
389 ((M+1)*). 

Blc General Method for the Readion of an Aryl Amine with an Aryl Isocyanate 



10 



CF3 

o=s=o 
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CHF2 

o=s=o 




H H 



CH3 



MeO 



A^-(2-Methoxy-5-(diiIuoroinethanesuIfoiiyl)phenyI)-A^-(4-methylpheoyl)urea: p- 
Tolyl isocyanate (0.058 mL, 0.46 nunol) was added to a solution of 2-methoxy-5- 
(difluoiomethanesulfonyl)aiuline (0.100 g, 0.42 nunol) in EtOAc (0.5 mL) and the 
5 resulting mixture was stiired at room temp, for 3 d. The r^ulting precipitate was filtered 
and washed with EtjO to provide the title cxmpomA as a white solid (0.092 g): 'H-NMR 
(CDCIj) 6 2J22 (s, 3H) 4.01 (s, 3H). 7.02-7.36 (m, 6H). 7.54 (dd. J^IA, 8.6 Hz, IH), 8.57 
(s, IH), 8.79 (d, J^2.6 Hz, IH), 9.33 (s, IH); EI-MS m/z 370 (NT). 

10 Bid. General Mediod for the Reaction of an Aryl Amine with an Aryl bocyanate 



Ar-(2,4-Dimetho^-5-(trifluoroniefliyI)phen]i)-/V'-(4-metbyIphaiyI)nrea: /^■Tolyl 



(trifluoiomediyl)amIine (0.25 g, 1.13 mmol) in EtOAc (3 mL) and the resulting mixture 
15 was stiired at room temp, for 18 h. A resulting precipitate was washed witii EtjO to give 
the title compound as a white solid (0.36 g): »H-NMR (CDCl,) 5 2.21 (s, 3H). 3.97 (s, 
3H), 3.86 (s, 3H), 6.88 (s. IH), 7.05 (d, >8.5 Hz, 2H), 7.29 (d, ^.5 Hz, 2H), 8.13 (s, 
IH), 8 J3 (s, IH), 9.09 (s, IH); FAB-MS m/z 355 ((M+1)*). 




isocyanate (0.16 mL, 1.24 mmol) was added to a solution of 2,4-dim^oxy-5 



20 Ble. General Method for die Reaction of an Aiyl Amine with an Aryl bocyamite 
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iV<3-Methoxy-2-naphthyI)-A^'-(l-naphthyl)urea: To a solution of 2-aniino-3- 
methoxynaphthalene (0.253 g, 1.50 mmol) in CHjClj (3 mL) at room temp, was added a 
solution of 1-naphthyl isocyanate (0.247 g, 1.50 mmol) in CHjClj (2 mL) and the 
resulting mixture was allowed to stir overnight. The resulting precipitate was separated 
5 and washed with CI^Clj to give the desired urea as a white powder (0.450 g, 90%): mp 
235^236 'H-NMR (DMSOd,) 6 4.04 (s, 3H), (m, 2H), 7.38 (s, IH), 7.44- 

7.72 (m, 6H), 7.90.7,93 (m, IH), 8.05-^8.08 (m, IH), 8.2U8.24 (m, IH), 8.64 (s. IH), 9.03 
(s, IH), 9.44 (s, IH); FAB^MS m/z 343 ((M+H)^. 

10 Blf. General Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 




iV*(S-/£7f-Butyl-2K2-tt'^-butoxycarbonyIoxy)ethoxy)phenyI)*Ar'^^ 
methylphenyl)urea: A mixture of 5-/er/-butyl-2-(2-/err- 

butoxycaibonyloxy)ethoxy)aniline (Method AlO, 0.232 g, 0.75 mmol) and p-tolyl 

15 isocyanate (0.099 mL, 0.79 mmol) in EtOAc (1 mL) was stirred at room temp, for 3 d to 
produce a solid, which was separated. The filtrate was purified by colunm 
chromatography (100% CHjClj) and flie residue was triturated (Et^O/hexane) to give the 
desired product (0.262 g, 79%): mp 155-156 ^C; TLC (20% EtOAc/80% hexane) 1^0.49; 
'H-NMR (DMSO-d«) 6 1.22 (s, 9H), 1.37 (s, 9H), 221 (s, 3H), 4.22-4.23 (m, 2H), 4.33- 

20 4.35 (m, 2H), 6.89-7.00 (m, 4H), 7.06 (d, J^.5 Hz, 2H), 732 (d, 7=8.1 Hz, 2H), 7.96 (s, 
IH); 8.22 (d, J^L5 Hz, IH), 9JZ2 (s, IH); FAB-MS m/z (rel abundance) 443 ((M-fH)% 
6%). 



25 B2a. 



General Method for Reaction of an Aryl Amine witii Phosgene Fottowed by 
Addition of a Second Aryl Amine 




A^-(2-Methoxy-5-(triflupromethyl)phenyI)-7V'-(3-<4-pyridmylt^ To a 

solution of pyridine (0.61 mL, 7.5 inmol, 3.0 equiv) and phosgene (20% in toluene; 2.65 
5 niL, 5.0 mmol, 2.0 equiv) in CHjClj (20 mL) was added 2-methoxy-5- 
(trifluoromethyl)amiine (0.48 g, 2.5 nunol) at 0 ""C The resulting mixture was allowed 
warm to room temp, stirred for 3 h, then treated with anh. toluene (100 mL) and 
concentrated under reduced pressure. The residue was suspended in a mixture of CHjClj 
(10 mL) and anh. pyridine (10 mL) and treated with 3-(4-pyridtnylthio)aniline (0.61 g, 

10 2.5 mmol, 1 .0 equiv). The mixture was stirred ovmiight at room temp., then poured into 
water (50 mL) and extracted with CH2CI2 (3 x 25 mL). The combined organic layers were 
dried (MgS04) and concentrated under reduced pressure. The residue was dissolved in a 
minimal amount of CHjClj and treated with pet. eflier to give the desired product as a 
white precipitate (0.74 g, 70%): mp 202 ^C; TLC (5% acetone/95% CH^Cy R^0.09; 'H- 

15 NMR (DMS0-d6) S 7.06 (d, 7=5.5 Hz, 2H), 7.18 (dd, J=2.4, 4.6 Hz, 2H), 7.31 (dd, 7= 
2.2, 9.2 Hz. IH). 7.44 (d, >5.7 Hz, IH), 7.45 (s, IH), 7.79 (d, J=^2J2 Hz, IH), 8.37 (s, 

2H), 8.50 (dd, J£=2.2, 9.2 Hz, 2H), 9.63 (s, IH), 9.84 (s, IH); FAB-MS m/z 420 ((M+H)+ 
70%). 

20 B2b. General Mediod for Inaction of an Aryl Amine with Phosgene Followed by 
Addition of a Second Aryl Amine 




7V-(2-Methoxy-5-(trIfIuoromethy0phenyl)--iVH4K4-pyridinyIthio To a 

s lution of pyridine (0.61 mL, 7.5 mm 1, 3.0 equiv) and phosgene (20% in toluene; 2.65 
25 mL, 5.0 mm 1, 2.0 equiv) in COJCl^ (20 mL) was added 4-(4-pyridinylthio)aniline (0.506 
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g, 2.5 mmol) at 0 ""C. After stirring for 3 h at room temp., the mixture was treated with 
anh. toluene (100 mL) then concentrated under reduced pressure. The residue was 
suspended in a mixture of CH2CI2 (10 mL) and anh. pyridine (10 mL) and treated with 2- 
methoxy-5*(trifluoxomethyl)aniiine (0.50 g, 2.5 mmol 1.0 equiv). After stirring the 

5 mixture overnight at room temp., it was poured into a 1 N NaOH solution (50 mL) and 
extracted with CH2CI2 (3 x 25 mL). The combined organic Izyers were dried (MgSOJ 
and concentrated und^ reduced pressure to give the desired urea (0.74 g, 71%): mp 215 
<>C; TLC (5% acetone/95% CH^Cy 1^0.08; ^H-NMR (DMSO-d^) 5 3.96 (s, 3H), 6.94 
(dd, ^Ll, 4.8 Hz, 2H), 7.19 (d, 7=8.4 Hz, IH), 7.32 (dd, >2.2, 9.3 Hz, IH), 7.50 (d, 

10 .^8.8 Hz, 2H), 7.62 (d, J=8.8 Hz, 2H), 8.32 (d, ^5.1 Hz, 2H), 8.53 (d, 7=0.7 Hz, IH), 

8.58 (s, IH), 9.70 (s, IH); FAB-MS m/z 420 ((M+H)-^). 



B3a* General Method for the Reaction of an Aryl Amine with Phosgene with 
Isolation of the Isocyanate, Followed by Reaction with a Second Aryl Amine 

SO2CHF2 

15 MeO 

Step 1. 5-(DiflQoromethaoesuIfonyl)-2-methoxyphenyI isocyanate: To a solution of 
phosgene (1.95 M in toluene; 3.0 mL, 5.9 mmol) in CH2CI2 (40 mL) at 0 was added a 
solution of 5-(difluo]X)metfaanesulfonyI)-2-methoxyaniline (0.70 g, 2.95 mmol) and 
pyridine (0.44 niL^ 8.85 mmol) in CH^Clj (10 mL) dix^wise. After being stinred at 0 ''C 

20 for 30 min and at room teaxp. for 3 h, tiie reaction mixture was concentrated under 
reduced pressure, flien treated wifli toluene (50 mL). The resulting mixture was 
concmtrated mider reduced pressure, then was treated with E^O (50 mL) to produce a 
precipitate (jpyridinium hydrochloride). The resulting filtrate was concentrated under 
reduced pressure to provide the title compound as a white solid (0 J3 g). Tids material 

25 was used in the next step wifliout further purification. 
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o=s=o 




Step 2. 



A^*(2-Methoxy-5-(difluoromethanesulfonyl)phenyI)-A^-(2-fluoro-4- 



inethylphenyl)urea: 2-Fluoro-4'methylaiiiline (0.022 mL, 0.19 mmol) was added to a 
solution of 5-(difluoromethanesulfonyl)-2-methoxyphenyl isocyanate (0.046 g, 0.17 
5 mmol) in EtOAc (1 mL). The reaction mixture was stined at room temp, for 3 d. The 



resulting precipitate was washed with Etfi to provide the title compound as a white solid 
(0.055 g): 'H-NMR (CDCI3) 6 2.24 (s, 3H), 4.01 (s. 3H), 6.93 (d. J^8.5 Hz, IH), 7.01- 
7.36 (m, 3H), 7.56 (dd, >=2.4, 8.6 Hz, IH), 7.98 (app t, ^8.6 Hz, IH), 8.79 (d, >2.2 Hz, 
IH), 9.07 (s, IH), 9.26 (s. IH); FAB-MS m/z 389 ((M+1)*). 



B3b. General Method for the Reaction of an A17I Amme with Phosgene with 
Isolation of the Isocyanate, Followed by Reaction with a Second Aryl Amine 



Step 1. 2-Methoxy-5-trifluorometbylphenyI Isocyanate: To a solution of phosgaie 
15 (1.93 M in toluene; 16 mL, 31.4 mmol) in CH^Clj (120 mL) at 0 was added a solution 
of 2.methoxy-5-(trifluoiome%l)aniline (3.0 g, 15.7 mmol) and pyridine (2.3 mL, 47.1 
mmol) in CH^CIj (30 mL) dropwise. The resulting mixture was stirred at 0 ^^C for 30 min 
and at room temp for 3 h, thm concoitrated under reduced pressure. The residue was 
diluted with toluene (30 mL)> concentrated under reduced pressure, and treated with EtjO. 
20 The resulting precipitate (pyridinium hydrochloride) was removed and the filtrate was 
concentrated under redeuced pressure to give the tide conqiound as a yellow oil (3.0 g) 
whidi crystallized iq>on standing at room temp* for a fisw days. 



10 




CF3 



MeO 
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Step 2. 7V-(2-Metboxy-5-(trifluoromethyl)phenyl)- 7V'-(4-fluoropheoyl)urea: 4- 
Fluoroaniline (0.24 mL, 2.53 mmol) was added to a solution of 2-methoxy-5- 
(trifluoromethyl)phenyl isocyanate (0.50 g, 230 mmol) in EtOAc (6 mL) and the 
reaction mixture was stiired at room temp, for 3 d. The resulting precipitate was washed 
5 wifli EtjO to give the title compound as a white solid (0.60 g): NMR: 3.94 (s, 3H). 7.13- 
7,18 (m, 3H), 7.30 (dd, >1.5, 8.4 Hz, IH), 7.44 (m, 2H), 8.45 (s, IH), 8.52 (d, y=2.2 Hz, 
IH), 9.42 (s, IH); FAB-MS m/z 329 ((M+l)"). 

B4. General Method for Urea Formation via Cnrtius Rearrangement, Followed 
10 by Trapping with an Amine 



JV-(3-Methoxy-2-naphthyl)-A^M4-methylphenyI)area: To a solution of 3-methoxy-2- 
naphtfaoic acid (Method A6, Step 2; 0.762 g, 3.80 mmol) and EtsN (0.588 mL, 4.2 mmol) 
in anh toluene (20 mL) at room temp, was added a solution of diphenylphosphoiyl azide 

15 (1.16 g, 4.2 mmol) in toluene (5 mL). The resulting mixture was heated to 80 ""C for 2 h, 
cooled to room temp., and /^-toluidine (0.455 g, 4.1 mmol) was added. The mixture was 
heated at 80 X ovemi^t, cooled to room temp., quenched with a 10% citric acid 
solution, and extracted widi EtOAc (2 x 25 mL). The combined organic layers were 
washed with a saturated NaCl solution (25 mL), dried CMgS04), and concentrated in 

20 vacuo. The residue was triturated with CH2CI2 to give the desired urea as white powder 
(0.700 g, 61%): mp 171-172 ^C; ^H-NMR (DMSO-d^) 6 2.22 (s, 3H), 3.99 (s, 3H), 7.07 
(d, ^.49 Hz, 2H), 7.27-7.36 (m, 5H), 7.67-7.72 (m, 2H), 8.43 (s, IH), 8.57 (s, IH), 9.33 
(s, IH); FAB-MS m/z 307 ((M+H)*)- 




25 B5. General Method for ttie Reaction of Substitated Aniline with AT^'- 
Carbonyldiimidazole Followed by Reaction witii a Second Amine 
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iV^(5-ChIoro-2-hydroxy-4-nitrophenyl)-A^'-<4<4-pyridinylmethyl^ A 
.solution of 4-(4-pyridinylmethyl)aniline (0.300 g, 1.63 mmol) and N,N'- 
carbonyldiimidazole (0.268 g, 1.65 mmol) in CH2CI2 (10 mL) was stirred at room temp. 
5 for 1 h at which time TLC analysis indicated no stardng aniline. The reaction mixture 
was ibsa treated with 2*amino-4-chloro*5-nitix)phenol (0.318 g, 1.65 mmol) and stirred at 
40-45 for 48 h. The resulting mixture was cooled to room tenq>. and diluted witibi 
EtOAc (25 mL). The resulting precipitate was separated to give the desired product 
(0.416 g, 64%): TLC (50% acetone/50% CHjCy R^0.40; *H-NMR (DMSO-d^) 5 3.90 
10 (s, 2H), 7.18 (d, y=8.4 Hz, 2H), 7.21(d, Hz, 2H), 7.38 (d, J=-SA Hz, 2H), 7,54 (s, IH), 
8.43-8.45 (m, 3H), 8.78 (s, IH), 9.56 (s, IH), 11,8 (br s. IH); FAB-MS m/z (lel 
abundance) 399 ((M-fH)-*-, 10%). 

B6. General Method for the Synthesis of Symmetrical Diphenyl Ureas as Side- 
1 5 Products of Urea Forming reactions 




Bis(4-chloro-3-(triflaoromethyI)pheny0urea: To a solution of 5-amino*3-rerr- 
butylisoxazole (0.100 g) in anh toluene (5 mL) was added 4-chloro-3- 
(trifluoromediyl)phenyl isocyanate (0*395 g). The reaction vessel was sealed, heated at 

20 85 X for 24 h» and cooled to room temp. The reaction mixture was added to a slurry of 
Dowcx* 50WX2-100 resin (0.5 g) in CHjCl^ (40 mL), and fiie resulting mixture was 
stirred vigorously for 72 h. The mixture was filtered and the filtrate was concentrated 
under reduced pressure. The readue was purified by column chromatogr^l^ (gradient 
form 100% CH2CI2 to 5% MeOH/95% CH^CIO to give bis(4-chlorD-3. 

25 (trifluorom6diyl)phenyl)urea followed by ^-(3-rerr-butyI-5-isoxazoIyl>-^'-(4-chloro-3- 
(tnfluon>mettiyl)phenyl)urea. The residue from the symmetrical urea fractions was 
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triturated (EtjO/hexane) to give the urea as a white solid (0. 1 10 g): TLC (3% MeOH/97% 
CHjCy R^O.55; FAB-MS mfz 417 ((M+H)*). 

C. Urea Interconversions and Mfsc* Reactions 
5 CI. General Method for Aikylation of Hydroxyphenyi Ureas 

SCF3 



Step l.A^-(2-Hydroxy-5-(trifluoromethylthio)phenyI)-A^M4-methylphenyI)urea: p- 
Tolyl isocyanate (0,066 mL, 0.52 mmol) was added to a solution of 2-hydroxy-5- 
(trifluoromethylthio)aniline (0.100 g, 0.48 mmol) in EtOAc (2 mL) and the reaction 
10 mixture was stirred at room temp, for 2 d. The resulting precipitate was washed with 
EtOAc to provide the title con:q)ound (0.13 g): *H-NMR (CDCI3) 5 2.24 (s, 3H). 7.44- 
7.03 (m, 6H), 8.46 (s, IH), 8.60 (d. ^1.8 Hz, IH), 9.16 (s. IH), 10.41 (s, IH); FAB-MS 
m/z 343 ((M+1)^. This material was used in the next step without purification. 



IS Step 2.A'«^-Methoxy-5-(trfflaoromediylthio)phenyQKiVM4^^ A 
solution of iV^2*hydioxy-SKtrifhioroniethylttuo)phenyl>iV'H4-^ (0.125 
g, 0.36 mmol), iodometliane (0.045 mU 0.73 mmol), and KzCO, (100 mg, 0.73 mmol) in 
acetone (2 mL) was heated at flie reflux temp, for 6 h, thn was cooled to room temp, and 
concentrated under reduced pressure. The residue was dissolved in a minimal amount of 

20 MeOH, ahsoibed onto silica gel, and flien purified by flash dxromatogr^y (3% 
Et20/97% CH2CI2) to provide die title oonqjound as a white solid (68 mg): ^H-NMR 
(CDCI3) 6 2.22 (s, 3H), 3.92 (s, 3H), 7,05-7.32 (m, 6H). 8 J7 (s, IH), 8.52 (d, ^.2 Hz, 
IH), 9.27 (s, IH); FAB-MS m/z 357 ((M+1)0. 





SCF3 
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C2. General Method for the Reduction of Nitra*C ntaining Ureas 




N-<S-i^-ButyI-2«mettoxyphenyl)-A^H2-amino-4*methylphen^^^ A solution of 
AK5-ferf-butyl-2-methoxyphOTyl)-7^''^2-nitiX)-4-meth^ (prepzieA in a 

5 manna: analogous to Method Bla; 4.0 g, 11.2 nunol) in EtOH (100 mL) was added to a 
slurry of 10% Pd/C (0.40 g) in EtOH (10 mL), and the resulting nMxture was stirred under 
an atmosphere of (balloon) at room temp, for 18 h. The mixture was filtered durough a 
pad of Celite® and concentrated in vacuo to a£ford the desired product (3.42 g, 94%) as a 
powder: mp 165-166 °C; ^H-NMR (DMSO-de) 5 L30 (s, 9H), 2.26 (s, 3H), 3.50 (br s, 

10 2H), 3,71 (s, 3H), 6.39 (br s, IH), 6.62 (s, IH), 6.73 (d, J=8,46 Hz, IH), 6.99 (dd, J=2.21, 
8.46 Hz, IH), 7.05 (d, J^SA6 Hz, IH), 7^9 (s, IH), 8.22 (d, y==2.57 Hz. IH); FAB-MS 
m/2 328 ((M+H)^. 

C3. General Method of Thiourea Formation by Reactfon with a Thioisocyanate 



JV«<5-ieit-Butyl-2»methoxyphenyl)-A^Hl--naphtfayl)thiourea: To a solution of 5-tert- 
butyl-2-methoxyaniline (0.372 g, 2.07 mmol) in toluene (5 mL) was added 1-n^hthyl 
thioisocyanate (0384 g, 2.07 mmol) and the resulting mixture was allowed to stir at room 
temp, for 8 h to produce a precipitate. The solids were separated and sequentially washed 



20 widi toluoie and hexane to give the desired product as an off-white pwoder (0.364 g, 
48%): mp 158-160 "H-NMR (DMSO-d^) 8 131 (s, 9H), 3.59 (s, 3H), 6.74 (d, ^.46 
Hz, IH), 7.13 (dd, >2.21, 8.46 Hz, IH). 7.53-7.62 (m, 4H), 7.88-7.95 (m. 4H), 8.06-8.08 
(m, IH), 8.09 (hr s, IH); FAB-MS mA 365 ((M+H)^. 



15 




70 

C4. General Method for Deprotection of r^rt-^Butyl Carb nate-C ntaining Ureas 




AK5-/^i^-Btttyl-2*(2*hydroxyethoxy)pbenyO-JV^ *(4-methyIph A solution of 

7Sr-(5-^err-butyI-2-(2-/er^butoxycarbonyloxy)e& 
5 (Method Blf; 0-237 g. 0.54 mmol) and TFA (021 inL, 2.7 namol) in CH^Clj (2 mL) was 
stirred at room tenqi for 18 h» &en was washed with a saturated NaHCO, solution (2 mL). 
The organic layer was dried by passing fluougb IPS filt^ p^er (Whatman^ and 
concentrated under reduced pressure. The resulting white foam was triturated 
(EtjO/hcxane), then reaystallized (E^O) to give the desired product (3.7 mg): TLC (50% 
10 EtOAc/50% hexane) 1^ 0.62; ^H-NMR pMSO-d^) 5 1.22 (s, 9H), 3.75-3.76 (m, 2H), 
4.00^.03 (m, 2H), 4.80 (t, •A^S.O Hz, IH), 6.88-6.89 (m, 4H), 7.06 (d, >8.5 Hz, 2H), 
7.33 (d, MSA Hz, 2H), 7,97 (s, IH), 8.20 br s, IH), 9.14 (s. IH); FAB-MS m/z (rel 
abundance) 343 ((MW, 100%). 

15 

The following compounds have been synthesized according to the General Mediods listed 
above: 

Table 1. 2-Substitttted-5^err-bafylptaenylUreas 



^1 H H 
mp TLC 



Example 


R* 


R» 


top 
(-C) 


TLC 


Solvent 
System 


Spec. 


Somce 


SynfiL 
MeOud 


1 


OH 






0.S4 


2% 

MeOH / 
98% 


299 


FAB 


Bid 
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CH2C12 . 








2 


GtAe 




199- 
200 






313 

(M+H)+ 


FAB 


Bid 


3 


OMe 




208- 
209 






390 


EI 


Bid 


4 


OMe 




192- 
194 






389 

(M+H)+ 


FAB 


Bid 


5 


OMe 


Cl 




0.58 


50% 

EtOAc / 

50% 

hexane 


347 

(M+H)+ 


FAB 


B3b 


6 


OMe 






0.62 


50% 

EtOAc / 

50% 

hcxsne 


351 

(M+H)+ 


FAB 


B3b 


7 


OMe 


F 

-Q-Me 




0.71 


50% 

EtOAc / 

50% 

hexane 


331 

(M+H)+ 


FAB 


Bid 


Z 


OMe 


Me 




0.74 


50% 

EtOAc / 

50% 

hexane 


331 

(M+H)+ 


FAB 


B3b 


9 


GMe 


-Q-Me 
Me 




0.66 


20% 

EtOAc / 

80% 

hexane 


327 

(M+H)+ 


FAB 


Bid 


. 10 


OMe 


— -v]r"Me 
F 




0.62 


20% 

EtOAc / 

80% 

hexane 


331 

(M+HH 


FAB 


Bid 


11 


OMe 






0.42 


13% 

EtOAc / 
87% 


335 

(M+H)+ 


FAB 


Bid 


12 


OMe 


Me 

-^Me 




0.52 


2% 

MeOH / 

98% 

CH2C12 


327 

(M+H>f 


FAB 


Bid 


13 


OMe 


F 




0J6 


2% 

MeOH / 

98% 

CH2C12 


335 

(M+H)+ 


FAB 


Bid 


14 


OMe 


a 




0.48 


2% 

MeOH / 

98% 

CH2C12 


351 

(M+H)+ 


FAB 


Bid 


15 


OMe 


a 




OJO 


2% 

McOH / 
98% 

CH2C12 


347 

(M+H)+ 


FAB 


Bid 


16 


OMe 




201- 
202 






390 

(M+H)+ 


FAB 


B2a 



SUBSTITUTE SHEET (RULE 26) 
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17 


OMe 




199* 
200 






390 

(M+H)+ 


FAB 


B2a 


18 


OMe 




198- 
199 


0.45 


25% 
EtOAc / 
75% 
hexane 






Bla 


19 


OMe 




181- 
182 






389 

(M+H)+ 


CI 


B2a 


20 


OMe 




181- 
183 






390 
(M+) 


£1 


Bla 


21 


OMe 


OjN 

-O-Me 


ITS- 
IT? 






358 

(M-HEO+ 


FAB 


Bla 


22 


OMe 


N0{ 


219* 
220 






358 

(M+H)+ 


FAB 


Bla 


23 


OMe 


-Q-Mc 


165- 
166 






328 

(M+H)+ 


FAB 


C2 


24 


OMe 


A' A 


102- 
104 






271 

(M+H>+ 


rAiS 




25 


OMe 


-8 


236- 
238 




• 


349 

(M+H)+ 


FAB 


Bla 


26 


OMe 


a a 


192- 
194 






367 

(M+H)+ 


FAB 


Bla 


27 


OMe 




137- 
140 






550 

(M+H)+ 


FAB 


B28 


2S 


OMc 




197- 
199 






434 

(M4^H>+ 


CI 


A8,B2a 


£9 




p-o 


21s 








PAD 
TAD 




30 






195 






40S 


FAB 


Ble 


31 


OMe 




110 


0.07 


5% 

•oetoae / 

951^ 

CR2C12 


408 


FAB 


B^ 


32 


OMe 




185 


0.67 


5% 

acetone / 

95% 

CH2C12 


425 

(M^«)+ 


FAB 


B2a 
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33 


OMe 




214- 
215 


0.54 


5% 

acetone / 

95% 

CH2C12 


448 

(M-fH)+ 


FAB 


B2a 


34 


OMe 


-Q-O-Q-OM. 


ISO 


0.56 


5% 

acetone / 

95% 

CH2CI2 


421 


FAB 


B2a 


35 




-<>«■ 




0.67 


50% 

EtOAc / 

50% 

hexane 


343 

(M+H)+ 


FAB 


AlO, Bit 
04 


36 


H 

Me 






0.45 


50% 

EtOAc / 
50% 


340 

(M+H)+ 


FAB 


Bid 


37 


Me 
Me 




222* 
223 






354 

(M+HK 


ES 


Blc 


38 


0 

-•6 




203- 
205 






366 

(M+H)+ 


FAB 


Bid 


39 


0 


Vsb/ 


230. 






367 


FAB 


Bid 


40 


Me 




197- 
19S 






406 

(M-fH)+ 


FAB 


A9,Bla 


4J 


orm 

Me 




204- 
205 






392 


FAB 


A9,Bla 


42 


O^NH 
Me 




217- 
218 






424 

{M+H)+ 


FAB 


A9,Bla 


43 


Me 


-0= 


187. 
188 






370 

(M+H)+ 


FAB 


A9,Bla 


44 


V 

0 


"S 


118* 
120 






462 

(M-fH>»- 


FAB 


A9,Bla 


45 


^0 

V 

0 




146- 
148 






448 

(M4H)f 


FAB 


A9«fila 
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46 


V 

0 


a a 


110> 
113 






480 

(M+H>»- 


FAB 


A9,Bla 


47 


V 




95^ 
100 






400 


FAB 


A9,Bla 


48 


NHMe 




107- 
110 






398 


FAB 


A9,Bla 


49 


NHMe 




180> 

m 






472 


FAB 


A9,B18 


50 


"0 

VMe 
NHMe 




in- 

219 






388 


FAB 


A9,Bla 


51 


Oy^Me 
NHMe 




116. 
120 






420 

(M"«)+ 


FAB 


A9,Bla 


52 


VMe 
NHMe 




100* 
105 






406 


FAB 


A9.Bla 


53 


NHMe 




103- 
105 






438 


FAB 


A9,Bla 


54 


NHMe 




118- 
120 






384 

(M4H)4- 


FAB 


A9,Bla 


55 


1 

C 




125- 
128 






394 

(M+H)4- 


FAB 


Al«Bla 


56 


1 




227- 
230 






468 


FAB 


Al,Bla 


57 


1 


a a 


154- 
156 






434 


FAB 


Al.Bla 


58 






169- 
171 






373 


FAB 


A2.Bla 
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59 


"0 




157. 
159 






423 


FAB 


A2,Bla 


60 


1 




229- 






369 


FAB 


A2,BU 


61 


1SP2M 


\=a/ 


200- 
204 






468 

(N44H)+ 


FAB 


B2a 


62 


50tM 




187- 
188 






508 

(N«+H)+ 


FAB 


B2a 


63 


-0 


a a 


204- 
206 






413 

(M"fH>+ 


FAB 


Bla 


64 


ON 




192- 
194 






389 


FAB 


A7iBla 


65 


-Q 

ON 


-8 


183- 
185 






425 

(M-eH)+ 


FAB 


A7,Bla 


66 


ON 




159- 
160 






443 

(M-«)+ 


FAB 


A7.Bla 


67 






179- 
180 






411 

(N«+H)+ 


FAB 


A7,Bla 


68 


F 






0.06 


10% 

EtOAc / 
90% 


408 


FAB 


A7«fila 


69 


-0- 




227^ 
229 






377 

(M+H)+ 


FAB 


A7, Bla 


70 


-0- 




216* 
217 






381 


FAB 


A7.Bla 


71 






213. 
214 






431 

(M-«)+ 


FAB 


A7»BU 


72 


-0 




200- 
201 






399 

(M-»«><' 


FAB 


A731a 


73 


w 




134- 
136 






443 
(M+) 


Q 


A7«Bla 
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74 






185- 
186 






459 

(M+H)+ 


FAB 


A7,Bla 


75 




-Q - 

a a 


207. 
208 






419 

(M+H)+ 


FAB 


A7,Bla 
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Table 2. 



2-Snbstituted-5^trifluorometbyl)pIienyl Ureas 



o 




1 H H 









np 


TL 
C 


Solvent 
System 


Mass 
Spec. 


Source 


Synth. 
Medkod 


76 


OMe 


-O-Me 


185- 
186 






325 


FAB 


Bid 


77 


OMe 


-o 




2 


20% 

BQAc / 
80% 


329 

(M-^H>+ 


FAB 


B3b 


78 


OMe 


~^Me 




0.4 
9 


20% 

EtOAc / 

80% 

bextne 


343 

(M+H>4- 


FAB 


B3b 




OMe 


Me 




03 
2 


20% 

EtOAc / 

80% 

hextne 


343 

(M+H)*- 


FAB 


B3b 


80 


OMe 






03 
7 


20% 

EtOAc / 
80% 


359 

(M+H><« 


FAB 


B3b 


81 


OMe 






0.4 
4 


20% 

ElOAc / 
80% 


363 


FAB 


B3b 


82 


OMe 


Me 




0.6 
8 


50% 

EtOAc / 
50% 


339 

(M-HEi)+ 


FAB 


Bid 
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78 













hexane 








83 


OMe 


F 




0.6 
8 


50% 

EtOAc / 

50% 

hexane 


343 

(M+H)+ 


FAB 


Bid 




OMe 






0.6 
0 


50% 

EtOAc / 

50% 

faexase 


347 


FAB 


Bid 


85 


OMe 


hie 

-<>. 




0^ 
3 


2% 

MeOH / 

98% 

CH2C12 


339 

(M+HH 


FAB 


Bid 


86 


OMe 


F 




0^ 
9 


2% 

MeOH / 

98% 

01202 


347 

(M-*«)+ 


FAB 


Bid 


87 


OMe 


a 




02 
7 


2% 

MeOH / 

98% 

01202 


363 

(M<*fi>^ 


FAB 


Bid 


88 


OMe 


a 




0.4 
5 


2% 

MeOH / 
OI202 


359 

(M4H)^" 


FAB 


Bid 


89 


OMe 




184- 
185 








FAB 




90 


OMe 




176- 
178 






402 (M-H) 


£1 


BU 


91 


OMe 


-8 


231- 
233 






361 

(M-^H)^ 


FAB 


Bla 


92 


OMe 




192- 
194 






379 

(M-Hf)+ 


FAB 


Bla 


93 


OMe 




198 






417 

{M+H}+ 


FAB 


Ble 
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79 



94 


OMe 




206 


0.5 
8 


5% 

acetone / 
95% 

cmaz 


437 

(M+H)+ 


FAB 


B2a 


95 


OMe 




98*99 


0.5 
0 


5% 

icetopc / 

95% 

CH2C12 






B2a 


96 


OMe 




190 


0.6 
5 


5% 

acetone / 

95% 

CH2C12 






B2a 


97 


OMe 


„ /=\ 


194 


0.7 
6 


5% 

acetone / 
95% 

CH2CI2 


464 

(M+H)+ 


FAB 


B2a 


98 


OMe 




210- 
211 


0.0 

7 


5% 

acetone / 

95% 

CH2C12 


402 

{M4H)+ 


FAB 


B28 


99 


OMe 




202 


0.0 
9 


5% 

acetone / 

95% 

CH2C12 


420 

(M+H)+ 


FAB 


B2a 


100 


OMe 




215 


0.0 
8 


5% 

acetone / 

95% 

CH2CI2 


420 

(M+iD+ 


FAB 


B2a 


lot 

IVi 








MM 

5 


acetOK / 

95% 

CH2CI2 


JOA 

(M^ii)+ 




1MB 


102 


OMe 


a 




0.7 
8 


5% 

acctpne / 
95% 

CH2C12 


471 

(M-Hi)+ 


FAB 


Bla 
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80 



103 


OMc 


Me 








471 

(M+HH 


FAB 


fila 


104 


OMe 










487 

fM+HH 


FAB 


Bla 


105 


H ^ 
Me 






0.6 
5 


20% 

EtOAc / 

80% 

hexme 


352 

(M+H)+ 


FAB 


Bid 


106 


T 
OMe 




159. 
160 


03 
3 


25% 

EtOAc / 
75% 


353 

(M+H)+ 


FAB 


A5,BIa 


107 


T 
OMe 




152- 
153 


03 
5 


25% 

EtOAc / 

75% 

hextne 


339 

(M+H)+ 


FAB 


A5,Bla 


108 


SMe 




246- 
247 


03 
0 


25% 

EtOAc / 

75% 

hexane 


377 

(M+H)+ 


FAB 


Bla 


109 


SMe 




210- 
211 


03 
5 


25% 

EtOAc / 
75% 


345 

(M-tH>f 


a 


Bla 


110 


SMe 


"\«rwe 


195* 
196 


03 
5 


25% 

EtOAc / 
75% 


314 

(M+H>4- 


FAB 


Bla 


111 


SMe 




196- 
197 


0.4 
0 


25% 

EtOAc / 
75% 


395 

(M+H>t 


FAB 


Bla 
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Tables. 



S-Sabstitiited 2-Methoxy-5-sitIfooyIphenyI Ureas 




MeO 



H H 



Exsnoplc 






rc> 


TLC 


Solvent 
S^^teIn 


Mass 

Spec. 


Source 


Synth. 
Method 


lU 




F 


205^ 
207 






339 


HPLC 
ES-MS 


Bid 


113 


-o-»' 


CHFx 


195- 
196 






370 (M+) 


H 


Bid 


114 


-Q-f 

Me 


CHFi 




0.46 


50% 

EtOAc / 

50% 

hexase 


389 


FAB 


B3a 


115 




CHF2 




0^1 


50% 

EtOAc / 

50% 

hextne 


405 

(M"*«)+ 


FAB 


B3a 


116 




CHF2 






20% 

EtOAc / 

80% 

hexane 


409 

(M+HH 


FAB 


B3a 


117 




CHFs 




040 


50% 

ElCAc / 
50% 


389 


FAB 


B3a 


118 




caF| 




a53 


50% 

BQAc / 
50% 


375 

(M4H>f 


FAB 


B3a 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98/27265 



82 



119 


F 


CHF, 




0.58 


50% 

EtOAc / 

50% 

hexane 


389 

(M+H)+ 


FAB 


Blc 


120 


-Q-Me 
F 


CHF2 




0.48 


50% 

EtOAc / 

50% 

hexane 


389 

(M-hH)+ 


FAB 


Bid 


121 


F 


Off, 




0.44 


50% 

EtOAc / 
50% 


393 


FAB 


Bic 


122 


Mc 

-O-Me 


CHF} 




0J3 


5% 

MeOH / 
CH2C12 


385 

(M+H)+ 


FAB 


Blc 


123 


F 


CHF2 








393 


FAB 


Blc 


124 












wy 

(M+H)+ 


CAD 


BIC 


125 


a 


CHF, 








405 

(M*H>+ 


FAB 


Blc 


126 


Me 


CHF2 






50% 

EtOAc / 
50% 


385 


CAB 

FAB 


Blc 


127 




CP, 




0^6 


50% 

EtOAc / 

50% 

hexane 


389 

(M+H)+ 


FAB 


A3. Bid 
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Table 4. 3-Siibstitiited-2-naphthylUreis 



Ji H H 



Exaznpfe 








TLC 


Solvent 
System 


Mass 
Spec. 


Souicc 


Syotb. 
Mediod 


128 . 


OMe 




171- 
172 


0.40 


25% 

EtOAc / 

75% 

bexane 


307 

(M+HK 


FAB 


B4 


129 


OMe 


^Me 
F 


197- 


0.40 


14% 
86% 


325 

(MtM/+ 


FAB 


B4 


130 


OMe 


"8 


235- 
236 


0.45 


25% 

EtOAc / 

75% 

hextne 


343 

(M+H)+ 


FAB 


A6,B1& 


131 


OMe 




236* 
237 


0.45 


25% 

EtOAc / 

75% 

liexise 


311 

(M-HEi)+ 


FAB 


A6*Bla 


132 


OMe 


-b 


209- 
211 






311 

(M+HH 


FAB 


A6,Bla 


133 


OMe 


Mc Me 


22^ 

226 






321 

(M-^H 


FAB 


A6,Bla 


134 


OMe 


CF, 


199* 






395 

(M-«)+ 


FAB 


A6,Bla 


13S 


OMe 


-Q;a 

CI 


227- 
228 






361 

(M+HH 


FAB 


A6,Bla 
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136 


OMe 


a 


207- 
208 






327 

(M+H)+ 


FAB 


A6,Bla 


137 


OMe 


Cl 


234- 
235 






361 

(M+H>4- 


FAB 


A6,BU 


138 


OMe 


Me NO2 


228- 
229 






352 

(M+H)+ 


FAB 


A6,Bla 


139 


OMe 


MeO^ 


190- 
195 






323 

(M+HH 


FAfi 


A6,Bla 


140 


OMe 


F 


203- 
205 






310 

(M+H)+ 


FAB 


A6,Bla 


141 


OMe 


Me 


209- 
210 






307 

(M+H)+ 


FAB 


A6,Bla 


142 


OMe 


-Q-OMe 


200- 
201 






323 

(M+H)+ 


FAB 


A6,Bla 


143 


OMe 




201- 
202 






307 

(M+HH- 


FAB 


A6^Bla 


144 


OMe 




216- 
218 






385 

(M+H)+ 


FAB 


A6,Bla 


145 


OMe 




181- 
182 






361 

(M+H>+ 


FAB 


A6,Bla 


146 


OMe 




238* 
239 


0^5 


25% 

EtOAc / 
75% 


402 

(M-ffl)4^ 


FAB 


B4 


147 


OMe 




199. 
200 


020 


25% 

ElOAc / 

73% 

hexine 


384 

(M+H)^ 


FAB 


B4 


14S 


OMe 


-0^ 


175- 
176 






321 

(M+HH 


FAB 


A6.Bla 
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149 


OMe 




164* 
166 






544 


FAB 


A6,Bla 


150 


OMe 




206> 
209 






446 


FAB 


A6,Bla 


151 


OMe 




234- 
237 






410 

(M4H)+ 


FAB 


B2a 


152 


OMe 


-^O-Q-OMe 


209- 
211 


0.40 


25% 

EtOAc / 

75% 

hcxsne 


414 (M+) 


H 


B4 
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Table S. Misc. Ureas 



Example 






TLC 


SoWem 
Svsteni 


Mass 
Spec. 


Source 


Synth. 
Method 


153 




leC 


J H H 


183- 
184 






327 

(M4H)f 


FAB 


Bid 


154 


MeC 


^ H H 


156. 
157 






312 (M+) 


m 


Bid 


155 


CI 

< 

MaO 






0.46 


50% 

EtOAc / 
50% 


291 


FAB 


Bid 


156 


H H 














157 


H( 






0.40 


50% 

aeetoae / 

50% 

CH2C12 


399 


FAB 


B5 


158 




MaO " " 


219- 
221 






336 


FAB 


Bid 


159 




< 




204- 
205 






305 


FAB 


Bid 


160 




208- 
210 






302 

(M4H>f 


FAB 


Bid 
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161 




226- 






355 


FAB 


Bid 


162 


MaO " " 


160- 
162 






328 

(M+H)+ 


FAB 


Bl8 


163 








50% 

EtOAc / 
50% 


291 

(M4fl)+ 


FAB 


Bib 


164 


MaO " " d 


225- 
226 


0.60 


25% 

BOAc 1 

75% 

hexane 


367 

{M-HH)+ 


FAB 


A4,Bla 


165 






OSS 


3% 

McCKi / 

97% 

CH2C12 


417 

(M+H)+ 


FAB 


B6 


166 




169- 
171 






407 

(M+H)+ 


FAB 


Bla 


167 




iss- 
ue 




C3 


365 

(M+H>+ 


FAB 


a 



yro^OCTCAL EXAMPLES 

5 The in vArv inhSritoiy piqiaties of cotqKninds 

mhiinlxcmassQr. P38 activity was detected usiqg an ^ i^ kinase ass^iunia96-widl 
mtoDtiter plates. Rec o m bin ant famnan p38 (0.5 iisteL) was mixed wxtfi sufastiate (myeUn 
basic pmetn. 5 (igtaL) in Idnase buffer Q5 mM Hcpes, 20 mM M8CI2 ^ ^ 
NaQ) aid oompomuL One |tCi/well of ^*labded ATP (10 (iM) was added to a final 
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volume of 100 ^L. The reaction was nm at 32 °C for 30 min. and stopped with a IM HCl 
solution. The amount of radioactivity incorporated into the substrate was determined by 
trapping the labeled substrate onto negatively charged glass fiber filter paper iising a 1% 
phosphoric acid solution and read with a scmtillation counter. Negative controls include 
. 5 substrate plus ATP alone. 

All confounds exemplified displayed p38 IC50S of between 1 nM and 10 pM. 

LPS Induced TNFa Production in Mice: 

10 The in vivo inhibitory prop^ties of selected compounds were determined using a murine 
LPS induced TNFa production in vivo model. BALB/c mice (Charles River Breeding 
Laboratories; Kingston^ NY) in groups of ten were treated with eidier vehicle or 
compoimd by the route noted. After one hour, endotoxin (E. coli lipopolysaccharide 
(LPS) 100 ^g) was administered intraperitoneally (i.p.). After 90 min, animals were 

IS euthanized by carbon dioxide asphyxiation and plasma was obtained from individual 
animals by cardiac pxmcture ionto heparinized tubes. The samples were clarified by 
centrifiigation at 12^00 x ^ for 5 min at 4 ^C. The siq[»ematants were decanted to new 
tubes, which v/exe stored as needed at -20 ^C. TNFa levels in sera wm measured using 
a commercial murine TNF ELTSA kit (Gmzyme). 

20 

The proceeding examples can be repeated with similar success by substituting the 
genericaUy of specifically described reactants and/or operating conditions of tiiis 
invention for those used in the preceeding exasq>les 

25 Fzom the foregoing discussion, one skilled in &e art can easily ascertain the essential 
characteristics of this invention and, without departing fiom the spirit and scope thereof 
can make various changes and modifications of the invention to adapt it to various usages 
and conditions. 
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WHAT IS CLAIMED IS: 

1. A method of treating a disease, other than cancer, mediated by p-38, 
1 0 comprising administering a compoimd of fonnula I 

O 

x 



20 



B-NH NH-A 



wherein 
15 Ais 




or 



-tQ- 



B is a substituted or unsubstituted, up to tricyclic aryl or heteroaryl moiety of up to 30 
carbon atoms with at least one 6*member aromatic structure containing 0-4 members of 
the group consisting of ninrogen, oxygen and sulfiir, wherein if B is substituted, it is 
substituted by one or more substimems selected from the groiq) consisting of halogen, 

25 up to per-halo, and W^, herein n is 0-3 and each W is indq>endently selected from the 
group consisting of -CN, -COjR^ -C(0)NR^R\ -C(0).R\ -NO,. -OR\ - SR\ - NR^', 
-NR^C(0)OR\ -NR^C(0)R^ Q-Cw alkyl. Cuo-alkenyl Cwo-alkoxy, Cj-C^ cydoalkyl, 
C<i-C,4 aryl, CrC24 alkaiyl, C3-C13 heteroaiyl, Q-Qo alkh^eroaryl, substituted Cj-Cjo 
alkyl, sutetituted ^.to-^^yl substituted C,.,o-a]koxy, substituted Cj-Qo cycloalkyl, 

30 substituted C4-C23 alkfaeteroaiyl and Q-Ar; 
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wherein if W is a substituted group, it is substituted by one or more substituents 
independently selected from the group consisting of -CN, -COjR^, -C(0)R\ 
-C(0)NR'R\ -OR^ 'SR\ -NR'R' , NO^, -NR'C(0)R' , •NR'C(0)OR' and halogen up 
to per-halo; 

5 wherem each is indqpendently selected from H, Ci-C,o alkyl, Q^io-alkenyl, 

Cj-Cjo cycloalkyl, C^rCw aryl. C3-C13 hetaryl, C7-C24 alkaryl, C4-C23 alkheteroaryl, up 
to per-halosubstituted CrCjo alkyl, up to per-halosubstituted Cj^io-alkenyl , up to per- 
halosubstituted C3-C10 cycloalkyl, up to per-halosubstituted Q-Cj^ aryl and up to per- 
halosubstituted C3-C|3 hetaryl, 

10 wherein Q is -0-, -N(R')-, -(CHj)-^, -C(0)-, -CH(OH)-, -(CH^„0-, 

•NR'C(0)NR'R' .NR'C(OK •C(0)NR\ -(CHj)«S-, -iCR^JiiSCy, <KCU^^', 
-CHX» , -CXV, -SKCHa)^- and -N(R^)(CH2)„-, 
m - 1-3, and X* is halogen; and 

Ar is a 5-10 member aromatic stmcture containing 0-2 members of Ae groiq> 
15 consistmg of nitrogen, oxygen and sulfur* which is unsubstituled or substimted by 
halogen up to per-halo and optionally substimted by Z^i, wherein ^ is 0 to 3 and each Z 
is independently seleaed from the group consisting of of -CN, -COjR^, -C(0)NR^R'^, - 
C(0). NR^ COR\ ^N02, -0R^ - SR\ - NR^R\ -NR^C(0)OR\ -NR'C(0)R\ C,-C,o 
alkyl, Cj-Cio cycloalkyl, C^-Cm aryl, C3-CJ3 hetaryl, CVC24 alkaryl, C4-C23 
20 aOdieteroaryl, substituted Ct-C]o aUgrl, substituted Cj-Cjo cycloalkyl, substituted CtCja 
alkaryl and substituted C4-C;23 alkheteroaryl; wherein die one or more substiturats of Z 
is selected from the group consistuig of -CN, <:0^\ -C(0)NRV, -OR^ -SR^ -NOj, 
•NR^^ , -NR'C(0)R^ , -NR'C(0)OR^ 

25 R' , R^* , R^* are each independently H, C^jo-alkyl, optionally substituted by 

halogen, up to perhalo, C|.,o aDcoxy, optionally substituted by halogra, up to 
pahaloalkoxy, halogen; NO2 or NH/, 

R^ is H, C,.,o-alkyU C,.,o alkoxy, -KHCOR^ -NR'COR^; NO,; 
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N 



9 

o 



or 




NH 



one of R'', R'' or R*' can be -X-Y, 

or 2 adjacent R*'-R^' can together be an aryl or hetaryl ring with 5-12 atoms, 
optionally substituted by C,.,o-aIkyl, C,.,o alkoxy, Cj.,© cycloalkyl, Q.,© alkenyl, 
alkanoyl, C^ij aryl, C5.12 hetaryl or C^.^ aralkyl; 

R' is Ci.,o-alkyI optionally substituted by halogen, to perhalo; 

X is -CHr, -S-, -N(CH3>, -NHC(0)-, -CH^-S-, -S-CH^-, -C(0)-, or-Os and 

X is additionally a single bond v^ere Y is pyridyl; 

Y is phenyl, pyridyl, n^hthyl, pyridone, pyrazine, benzodioxane, benzopyridine, 
pyrimidine or benzoltaiazole, each optionally substituted by 

C|_io-alkyl, C|.|o-alkoxy, halogm, OH, - SCH3 or NOj or, uiiere Y is phenyl, by 




or a pharmaceutically aocqitable salt ttiereof. 



2. A method according to claim 1, conqirising administering a confound of 
fomidala 
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10 



R', and R« are each independently H haIoa«,.r i. , • 

bv haloeen .m ^ ^ ^ ' optionally substituted 

SO,F- -SOrCTV . ^^-'"^^'^^'-'oalkoxy or halogen; NO,; 



o 




or .OR 



15 '^^^^^^'■^'^""^^g-therfi^anaiylorheta.ylring^thsn^^ 
optionally substituted by C. -alkvl C .ii, ^ with 5-12 atoms, 

alkanoyl C -aryl C \ C.„-cycloaUcyl, C,.,-alk«yl, C...,- 

^noT. ' C,„.alkaiyl, halogen; -NR'- -NO • CF • 

-COOR'; -NHCOR'; <:oNR'R.; ^OJR'- -SQR^. CR- i„ ^o.' 

J . -*^^2«^ , , .^R ; in which R' is H or r 

alkyl and R^ « C..,o^i optionaUy substituted by haloEen. un t„ ™^ , . 

ti . uaiogen, up to perhalo, with - SO . 

20 ^VtionallymcapoiatedinAeaiylorhetaiylriitg; , wni, SO,- 

P isOorl; 

one of R», R*, r* „ r« can be-X-Y, 

wth the proviso that if R' and R< flrp> KnA n 



25 



R' 



R* 



3. AmethodaccoidingtocIaun2.wheram 
is H, C,.„-alkyl, C,.,„-alkoxy, halogen or NO,- 



30 ' IT o 
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-COOR*; -OR'CONHR^ -NHCOR'; -SR'; phenyl optionally substituted by halo 

or C,.io-alkoxy; NH^; -NCSOzR^a* furyloxy, thiojphene, pyrole or methyl 
substituted pyrole» 




4. A method according to claim 2, wherein R' is CI, F, C4.5"branched alkyl, - 
SOjF or -SOjCFj; and R^ is hydroxy; C,.,o-alkoxy optionally substituted by at least one 
hydroxy groiq); -COOR'; -OR'CONHR'; -NHCOR*; -SR^ phenyl optionally substituted 
by halo or C,.io-alkoxy; NH^; -N(SOjR')2, fiuyloxy. 




5. A conqx>und according to claim 2, wherein R^* is C|.,o-aIkyI or halogen; 
R^ is H, C,.,o-alkyl, halogen, CF^ , halogen, NOj or NH^; and R* is H, C,.,o-alkyl, 
halogen, -NHCOCH3, -N(CH3)C0CH„ NO,, 




6* A method according to claim 2, wh^dn R'* is Ci^iq-^^U halogoi, CF„ 
halog^ NO2 or NH,. 
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7. A method according to claim 2, wherein is C,.,o-a]kyl, 
halogen, -NHCOCH,, -N(CH3)COCH3, NOj, 



N' I or N^^^ 

' -NH 




O 



r 



5 8. A method according to claim 4, wherein is t-butyl or CF3 and is 

-OCH3. 

9. A method according to claim 2, wherein the disease is mediated by a 
cytokine or protease regulated by p38. 

10 

10. A method according to claim 2, ulierein the disease is mediated by TNFa, 
MMP-1, MMP-3, IL-1, IL-6 or IL-8. 

11. A method according to claim 2, wherein the disease is an inflammatoiy or 
IS immunomodulatory disease. 

12. A method according to claim 2, wher^ the disease is osteoarthritis, 
rheumatoid arthritis, osteoporosis, asthma, septic shock, inflammatory bowel disease, or 
the result of host-v^sus-gcait reactions. 

20 

13. A method according to claim 1, wherein tiieconqx>und of formula I is 
N<S-tat-BuQrl*2-methoxyphenyI)-N'-(4-phenylQxphenyl)ur^ 
N-<5-tert-ButyI-2-methoxyphenyI)-NX4<4-methDxyphenyloxy)p^ 
N-(54ert-Butyl-2-metfaoxyphenyl>N'-(4K4-pyridinyloxy)pheiQ^ 

25 N-<5-tert-ButyI-2-methoxyphenyl)-N44-(4-pyridinylmethyl)phe^^ 
N-(5-ten-Butyl-2-methoxyphenyl)-N^4<4-pyridinylthio)phenyl)ure 
N<S-tert-Butyl*2-methoxyphenyl)-N'-(4<4*<4,7-methano-m 
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dionyl)metfayl)phenyl)urea; 
N-(5-tat-Butyl-2-pheny]phenyl)-N'-(23-dichlorophenyl)iire^ 
N-(5-tCTt-ButyI-2<3-thienyl)phenyI>N42^-dicmon)phe^^ 
N-(5-tert-Butyl-2-(N-methyiaminocarbonyI)methoxyphenyl)"N^^ 

dichlorophenyl)urea; 
N-<5-tert-ButyI-2-(N-methyIaininocarbonyI)methoxyphenyl)-N'-(l-^^ 
N-(5•teIt-Buty^2-(N-morpholinocaIbonyl)methoxyphenyl)-^^ 

dichlorophenyl)urca; 
N-(5"tert-Butyl-2-(N-moipholinocarbonyl)methoxyphenyl)-N'Kl-nap 
N<5-teit*ButyI*2-methoxyphenyl)-N'-(4-(3-pyridmyl)med^^ 
N<5-lCTt-Butyl-2<<34etrahydrofuranyloxy)phm 
N-<5-T]ifIuon>methyl-2-methoxyphenyI>N'-(4-me(fay^^^ 
N-(5-Trifluon>m^yl-2-methoxyphenyi)-N'-(4-methyl-2-fl^ 
N-<5-Trifiuoiom^yl*2-mefhoxyphmyl)-N'-(4-SuoroO-<:U 
N-(5-TrifluoiomelhyI-2-methoxyphrayI)-N"-<4-methyl-3"CU^ 
N<5-TrifIuon>methyI-2-methoxypheayl)-hr-(4-methyl^^ 
NKS*Trifluonimetfayl-2-methoxyphenyl>N'-(2,4*difluorophe^^ 
N<5-Trifluoromethyl-2-methoxyphenyI)-N'-(4-phenyloxy-3,5- 

dichloiophenyl)uiiea; 
N<5-TrifluoromethyI-2-mcthoxyphenyl>N'-<4-(4-pyridinyta 
N-<5-Trifluoromethyl-2-methoxyphMyl)-N^4<4-pyri<to 
N'<5-TrifluoromethyI-2-methoxyphenyI)-N'-(4-<4-pyridiny^^ 
N-(5-Trifiuon)methyl-2-methoxyphmyl)-N^(3<4-pyri 
N-<5-TrifIuoiometfayl-2-methoxypheayI)-hr-(4<3-(^ 

phenyIo?v)pIienyl)-iirea; 
N-<541uorosulfonyl)-2-metho3QPphayI)-N'-<4-me^ 
NK5KDifiurometfaanesiiIfimyl)-2-ineth^ 
N<5*(Difltirometfaanesi]IfimyI)-2-met^ 
N-<5-<DifliinmiethanesiiIfonyI)-2-methox^ 
fiuoiophenyOuiea; 

N'<S*(Difluiometbanesidfonyl)-2-melhoxyphmy^^ 
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fluoFophCTyI)urea; 

N-<5-(DifluromethanesulfonyI>2-methoxyphenyl)-NH4-m^ 
chlorophenyl)urea; 

N'<5-(Difluromethanesidfonyl)-2-methoxyphenyl)-N*-(4-fluoro 
chlorophenyl)urea; 

N'<5-(DifluromethanesidfonyI)-2-methoxyphenyl)-NH4-fluoro-3- 
methylphenyl)urea; 

N<5-(DifluromethanesulfonyI)-2-methoxyphenyl)-N'-(2,3-dm 

N-<5-(Trifluoromethanesdfonyl)-2-methoxphettyl)-N'-(4^meA^ 

N<3-meaioxy-2-ii^fatfayl)-NH2-fluoiopheiiyl)i^ 

N<3-Methoxy-2-n9hAyl)*N'*(4-metfaylphenyl)urea^ 

NK3*Meihoxy-2-nq>htfayl)-N'<3-fluorophenyl)iiiea^ 

N-<3-Metfaoxy-2*xi^h1fayl)-N'-<4*methyl-3*ftuoiophmyl)^^ 

NK3-Me&oxy-2-m9h%l)-N'<2,3Hiimetfaylphayl)urea; 

N<3-Meflioxy-2-naphtfayl)-N'*(l-naphtfayl)urea; 

N<3-Methoxy*2*ii^htfayl)-N'<4-(4-pyridiny]metfiyl^^ 

N-0-Methoxy-2-naphthyl)-NH4K4i3yridinylthio)phen^ 

N«<3-Methoxy-2-n^hthyl)-N*-(4^4-methoxyphenyloxy)phenyl)ui^ 

N<3-Methoxy.2.iiaphthyl)-hrK4-(4K4J-methano-lH^^ 
dionyl)niethyI)pheDyl)urea. 

N-{2-Hydix)xy-4-nitro-5-chIoiophaiyl)-N -^henyl)iTC or 

N-<2-Hydioxy-4-nittt>-5-chloiophmyI>N'-<4-(4-pyridinyIm 
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A compound of formula n 



5 




wherein 



R\ R^ R^ and are each independently H; halogen; C,.,©- alkyl optionally substituted 



10 group; NO2 ; SO^F; -SO^CH^a^; -COOR'; -OR'CONHR^ -NHCOR\ -SR'; Q« aryl, 
optionally substituted by C|.,o-alkyl, C,.io alkoxy or halogen, €5.12 hetaryl, optianally 
substiitued by Ci.,o alkyl, C,.,o alkojcy or halogm ; NHj; -NiSOjBL^; fiiryloxy; ' 



2 adjacent R^-R^ can tog^er form an aryl or hetaryl ring with 5-12 atoms, 
optionally substituted by C|.,o-alkyl, C,.,o-alkoxy, Cj.,o-cycloallgfl, Q.io-alkenyl, C,.,o- 
15 alkanoyl, C«.,2-aryl , C5.i2-hetaryl, Ce^jj-aialkyl, C^„-alkaryl, halogoi; NR^R\ NO^; -CF^; 
-COOR'; -NHCOR"; -CN; -CONR'R^; -SO^R^ -SOR^; -SR'; in which R' is H or C|.,o- 
aUcyl and R^ is C,.,o-alkyl; C|.|o*alkoxy, optionally substituted by halogen up to 
perfaaloalkoxy, 

R^', R^ and R^' are each indq)endently H, Cj.|o-alkyl, optionally substituted by halogen, 
20 up to perfaalo; halogen; NO2 or NH2; 

R*' is H, C,.»o-alkyl, halogen, -NHCOR'; -NR^COR^ NO,; 



by halogen up to perhalo; C,.,o*-alkoxy optionally substituted by at least one hydroxy 





or 2 adjacent R^ -R^ can together be an aryl or hetaryl ring with 5-12 atoms; 
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R' isC,.,o-alkyl; 
n is 0 or 1; 

X is -CH,-. N(CH,)-. -NHC(0). CH,.S-, -S-CH,-, -C(OK or -O-; and 
Y is phenyl, pyridyl. naphthyl. pyridone, pyrazine, benzodixane. benzopyridine, 
pyrimidine or benzothiazole, each optionally substituted by 
C,.,o-alkyl, C,.,o-alla»xy, halogea or NOj or, where Y is phenyl, by 



or a phaimacaitically acceptable salt thereof, 

with the provisos that 

(a) if and R* are both H, one of or R* is not H, 

(c) R* is phenyl substituted by halogen, alkoxy substituted by hydroxy, 

-SOjCF^-OR'CONHR', 





O 



fiiryloxy or -N(SOjR%; or R*' is 




and 



(c) the can^unds have a pRa greater than 10. 



wo 99/32463 



PCT/US98/27265 



15- A compound according to claim 14, wherein 



is H, halogen or C,.,o-alkyl optionally substituted by halogen, up to perhalo, NOj, 
-SO^For-SOjCFj; 

is H, Cj.io-alkyl, C,.,o-alkoxy, halogen or NO2; 
5 R^ is H, C.jo-alkyl optionally substituted by halogen, up to perhalo; 

R^ is H» hydroxy, C,.io-a]koxy optionally substituted by at least one hydroxy group; 

-COOR'; -OR'CONHR^ -NHCOR^ -SR'; phenyl optionally substituted by halo 
or C,.,o-alkoxy; NH^; -ii{SO^% furyloxy. 



alkyl, -SO2F or -SOjCFj; and R* is hydroxy; C,.jo-alkoxy optionally substituted by at 
least one hydroxy group; -COOR*; -OR*CONHR^; -NHCOR'; -SR^ phenyl optionsdly 
substituted by halo or C|.io-alkoxy; NH,; -N(S0iR')2, fiiryloxy. 



17. A compound accoiding to claim 14, u^erein R^' is C|.,o-aIkyl or halogen; 
R*'is H, C,.,o-alkyl, halogen, CF3 , halogen, NO, or NH,; and R^'is H, C,.,o-«lkyl, 
halogpn. -NHCOCHj, -N(CH3)COCH3. NO^, 




O 



16. A compound according to claim 14, wh^ein R^ 



is CI, F, C4.5-branched 




O 



wo 99/32463 



PCT/US98/27265 



100 




18. A compound according to claim 14, wherein is t-butyl or CF3 and is 
-OCH3. 

19, A compound according to claim 14, which is 
N-(54ert-Butyl-2-(N-methylaminocaibonyl)me&oxyphmyl^^ 

dichIorophenyl)uiea; 
N-(5-teit-Butyl-2-^-methylaminocaibonyl)methoxyphmyl)-NXl-n2q)hthyl)i^^ 

N«<5-tert-Butyl-2-(N-mo]pholinocaibonyl)methoxyphenyl>N'-(23-* 
dichlorophenyl)iirea; 

N-(5-t^-BuQrl-2-^-moipholinocaibonyl)methoxyphenyl>N'-(l*naph 

N'<54eit-ButyI-2-(3-tetFahydro&xanyloxy)ph0ayI>^^ 

N-(5-(Piflun>mdhanesulfimyl)-2-meflioxyphenyl)-N'-(4-m 

N-(5-(DifIuromethane8uIfonyI)-2-methoxyphenyl)-N44-fluorophenyl^ 

N-(5-(Di£[uromethanesuIfi>nyl)-2-metfaoxyphenyl)-N'-(4-methyl-2* 
fluorophenyl)urea; 

N-(S-(Diflim>methanesttlfonyl)-2-metfaoxyphenyl)-NH4-methyl-3- 
fiuoiophenyl)uiea; 

N-(5<Difiuzometfaanesulfonyl)-2-methoxyphenyl)-N'-(4*methyl-3- 
cIiloiophenyl)urea; 

N-^S*(Diflui0metfaanesttIfonyl)-2-metfaoxypheny])-NH^^ 
ciilorophenyl)uiea; 

N<S-(Difluiometfianesulfimyl>2-metfioxyidien^ 
mediy]phenyl)urea; 
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N-(5-(Difliiromethanesulfonyl)-2-methox)T)henyl)-N'-(2,3-dime&^ 



or 



N-(5-(Trifluoromethanesulfonyl)-2-methoxphenyl)-N'-(4-methylphenyl)urM 



5 



A compound of formula II 




wherein 



R\ R^ and R*^ are each independoitly H; halogen; C,.io- alkyl optionally substituted 
by halogen up to perhalo; C,.,o-alkoxy optionally substituted by at least one hydroxy 
10 group; NO2 ; SO^F; -SO^CH^a^; -COOR*; -OR^CONHR^ -NHCOR'; -SR'; phenyl 
optionally substituted by halogen or C,.,o-alkoxy; NH^; -NCSOjR')^; furyloxy; 



2 adjacent R^-R^ can togethCT fonn an aiyl or hetaiyl ring with 5-12 atoms, 
optionally substituted by C|.,o-allQ^I> C,.|o-alkoxy, C3.io-cycloalkyl, C2.,o-alkei^l, C,.io- 
15 alkanoyl^ C^u-^l » C5.|2-hetaiyl, C^u-araH^l, C^,2*8lkaiyl, halogen; «NR^; -NO2; -CF,; 
-COOR'; -NHCXDR*; -CN; -CONR'R"; -SOjR*; -SOR'; -SR^; in which R' is H or C,.,o- 
alkyl and R^ is Ct.io-aIkyl; 

R^' and R^ aie each iQdq)endently H, C,.,o-alkyl, optionally substituted by halogen, 



N 




up to perhalo; halogen; NO2 or NHj; 
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R^' is H, C,,,o-allcyl halogen, -NHCOR'; -NR*COR^ ; NO^; 



PCT/US98/27265 



n 



is Ci.jo-alkyI; 
isOor 1; 



X is -CH2-, -S- or -Os and 

Y is phenyl, pyridyl, luy^hthyl or b^ofhiazole, each optionally substituted by 
CMo-alkyl, C,.,o-alkoxy, halogen or NO2 or, where Y is phenyl, by 




or a pharmaceutically acceptable salt thereof 
with the provisos that 

(a) if R^ and R^ are both H» one of R^ or R^ is not and 

(b) R* is alkoxy substituted by hydroxy. -SOjCFjH, -OR'CONHR*, 




finyloxy or -NCSOjR^; or R*' is 




21. A phaimaceutical conqsosition comprising a compound of claim 14, and a 
physiologically accq)table carrier. 
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22. A phatmaceutical compositioii comprising a compoimd of claim 20, and a 
physiologically acceptable carrier. 
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